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The  growing  interest  in  blowpipe  analysis  which  is  evident  in 
this  country  has  indnced  the  translator  to  present  to  onr  scientific 
students  the  following  translation  of  Plattneb's  unequalled 
mannal,  and  it  is  further  hoped  that  this  book  may  be  the  means 
of  bringing  into  more  prominent  notice  a  branch  of  blowpipe 
analysis  which  has  been  too  long  neglected,  yiz.:  quantitative 
assaying. 

The  present  work  is  a  translation  of  Plattxer*s  book,  in  which 
nothing  of  the  slightest  importance  Jias  been  omitted,  while  its  size 
has  been  reduced  as  much  as  possible  by  avoiding  unnecessary 
repetitions  and  by  using  concise  language.  Several  new  qualitative 
tests,  a  quantitative  assay  for  mercury,  descriptions  of  new  appa- 
ratus for  measuring  silver  assay  buttons,  a  complete  general  index, 
and  other  matters  of  minor  importance,  have  been  added.  In  the 
formulas  of  the  silicates  Si  0'  has  been  substituted  for  Si  0',  and 
upward  of  one  hundred  and  fifty  new  minerals  have  been  intro- 
duced. For  most  of  these  the  translator  is  indebted  to  Dana's 
Mineralogy,  which  has  also  rendered  invaluable  service  in  translat- 
ing the  names  of  the  minerals.  In  order  to  secure  uniformity, 
Dana  has  been  taken  as  the  authority  for  the  names  of  the 
minerals,  but  in  many  instances  synonyms  have  been  retained  for 
convenience  of  reference. 

If  any  apology  is  necessary  for  the  size  of  Plattkter's  work  it  ia 
to  be  found  in  the  character  of  the  author,  who  investigated  in  the 
most  thorough  manner  every  subject  upon  which  he  entered.  Nor 
is  there  any  reason  why  the  beginner  should  not  take  up  the  study 
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PREFACE 


FOUETH  GEKMAIJr  EDITION. 


.     Whest,  at  the  pnblisher'B  request,  after  the  third   edition  of 

Platti^eb's  Blowpipe  Analysis  wae  exhausted,  I  undertook  the 

revision  of  the  present  edition,  it  was  in  the  belief  that  now,  as 

formerly,  many  would  desire  to  have  at  hand  a  complete  manual 

upon  80  useful  a  subject    As  far  as  possible  I  have  confined  myself 

to  the  previous  labors  of  my  instructor,  whom  I  can  never  forget, 

and  have  only  added  such  new  and  approved  matter  as  had  been 

made  known  since  the  appearance  of  the  third  edition,  because  I 

have  had  ample  opportnnity,  during  several  years  in  which  I  have 

labored  as  a  teacher  of   this  branch  of   analysis  in  our  Mining 

Academy,  to  convince  myself  of  the  suitable  way  in  which  the 

subject  is  classified  and  treated  in  his  work. 

May  this  fourth  edition  find  as  friendly  a  reception  as  has  been 

extended  to  its  predecessors. 

Th.  Biohtbb. 

>.  JfiV.  IS65. 
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PnoBABLT  DO  bettcT  course  of  instructioQ  in  blowpipe  analys« 
can  be  enggested  than  that  pursued  bj  Prof.  Richter,  for  the  instrno- 
tion  of  Ma  classes  at  Fi-eiborg,  and  that  will  therefore  be  briefly  given 
here,  after  a  few  introductory  retnark«,  designed  to  aid  the  student 
in  the  nse  of  this  book. 

The  student  sbotild  first  learn  to  produce  the  oxidizing  and  rcdno- 
ing  flames  at  pleasure,  testing  them  aeconling  to  tlic  directions 
given  on  p.  13.  et  seq.  Whenever  after  this  he  employs  either  fl  ime 
be  must  consider  carefully  what  will  be  the  result;  whether  the 
Bul>stJincee  he  treats  will  be  reduced  to  metal,  or  only  to  a  lower  state 
of  oxidization  ;  whether  they  will  volatilize  and  form  a  coat,  or 
whether  they  are  fixed;  whether  they  yield  different  colors  with  the 
flaxes,  in  the  different  flames  (as  is  usually  the  case),  etc,  etc.  To 
learn  this  he  must  prepare  himself  by  studying  thoroughly  and. 
performing  faithfully  the  tests  of  the  more  common  simple  sub- 
stances as  given  in  the  tables,  p.  95,  et  seq.,  and  by  a  careful  study 
of  the  facts  stated  nnder  the  general  e.^amiuation3  for  the  bases  and 
acidSf  beginning  with  p.  119. 

When  thoronglily  familiar  with  the  behavior  of  the  simple  sub- 
stances, he  should  proceed  to  the  analysis  of  mixtures,  which  may  be 
finally  made  very  complicated.  By  intelligently  studying  the  prop- 
erties of  the  simple  substances  as  given  in  tbo  tables  and  under  tho 
general  remarks,  before  referred  to,  and  by  following  the  general  rules 
for  ijualltative  analysis,  p.  59,  et  seq.^  the  student  can  deduce  a  sys- 
tem of  examination  for  himself,  which  he  can  vary  to  snit  differ- 
ent circumstances.  Sometimes  special  tests  are  to  be  made,  since 
thna  certain  substances,  as  mercury,  manganese,  sulphur,  etc^ 
can  be  most  readily  detected;  for  some  subatancca  special  tests  are 
necessary,  while  others  can  be  found  in  the  regular  oornm  of 
analysis. 

All  phenomena  must  be  carefully  noted,  and  the  effect  of  each 
operation  considered.  If  a  coat  is  formed  on  coal,  the  student  sliould 
remember  what  substances  could  yield  such  a  coat,  and  how  they 
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may  be  srparotwl  from  one  another.  If  a  powder  has  been  dissolved 
in  borax  mui  U  tlipn  to  be  rednccd,  he  shonld  consider  what  sub- 
stances will  be  reduced  frum  it,  and  in  what  condition  those  which 
remain  dissolved  will  be  fonnd.  As  regards  the  reduced  substances 
he  should  cnusider  whether  they  wnll  be  volatile  or  fixed;  and  if 
6xed,  how  they  may  be  9e]>arated  from  one  unotlier.  In  learning  to 
do  this  the  examples  given  for  practice,  p.  580,  et  iteq.f  will  be  found 
of  very  great  service,  as  they  exemplify  the  course  which  is  to  be 
followed  in  ^iuiiliir  cases. 

The  following  eubstances  are  given  by  Prof.  Richter  to  the  otu- 
dents  under  bis  instruction,  to  illustrate,  in  order,  the  different  tests. 

1.  Teriivg  on  charcoal,  to  observe  the  coafs,  ßamet,  etc. 

Selenium,  arsenic,  antimony,  tltatliuni,  lead,  bismuth,  cadmiamj^ 
zinc,  tin,  molybdic  acid,  silver,  silver  and  lead,  sulphate  of  pot 
chloride  of  lead. 

2.  Testing  in  the  matrass^  to  observe  phoftphorescencet  decrepitation, 

chavgc  of  cofor^  evohtiion  of  gastf^  etc. 
Fluorite,  apatite,  siderite,  cernsaite,  pvi'ohieite,  chlorate  of  pot 
natrolite,  alum,  calomel,  nitrate  of  ammonia,  retinite. 

3.  Testing  in  the  closed  tttbe^  to  ohacrve  whether  there  is  any  fuhti- 

mate  formed. 
Zina   blende,    pyrite,    copper    nickel,  chloanthite,  orpiment   of 
realgar,  tereulphide  of  antimony,  cinnabar,  copper  amalgam. 

4.  Testing  in  the  open  tube,  to  observe  the  forrnntion  of  subtimates, 

sulphurous  acid,  or  otfitr  gases. 

Pyrrhotite,  copper  nickel,  stibaite,  cinnabar. 
Ö.  I'e^fting  in   the  platinum  forceps-,  as  to  fusibility,  color  of  the 
flatney  etc 

Hematite  (infusible  in  0.  F.,  fusible  in  R  F.),  pyropbyllite,  car- 
bonate of  soda  (on.  platinum  wire),  natrolitc,  potassa  (on  wire), 
alnminite,  lepidolite,  spodumene.  petalite,  sLrontianite,  flnorite^ 
calcite,  chrysocolla,  borate  of  ammonia,  boracite,  datolite^  borax, 
(with  enlphnrio  acid),  tourmaline,  barite,  witherite,  harytv-calcite, 
molybdenite,  diadochite,  uputite  (with  snlphuric  acid),  atacamite, 
oxide  of  copi>er  (in  S.  Ph.  bead,  and  with  addition  of  salt),  oertia- 
Bitc,  pyromorphite,  scorodite. 
C.  For  practice  in  roasting* 

Copper  pyrites. 

7.  Ejuimination  with  borax  head. 
Soeqnio*ide  of  iron,  vanadio  acid,  sesquioxide  of  chromium,  oxW 

of  oopjer,  oxide  of  cobalt,  oxide  of  nickel. 

8.  Enrtuinaiion  with  salt  of  phosphorus  bead. 
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Tcroxidc  of  bismuth  (with  tin  on  coal),  seaquiosidc  of  iron, 
TdUAÜic  acid,  umnut«  of  animonia  (or  sescjuiuxidc  of  nmninm), 
molybdto  acid,  oxide  of  copier  (with  tin  on  euitt),  tiingstie  acid, 
titAbic  acid  (the  laut  two  huiiig  aleu  t^^ätud  in  R.  F.  with  udditiou  of 
eesquioxide  of  iron),  oxide  of  niang:tmese  (with  addition  of  nitre  tu 
the  hot  bead). 
Ü.  Teshfor  »nlphur. 

With  sodft  and  silica  on  coal  in  R  F.;  alao  with  soda  in  K.  F.» 
and  thi-n  with  bi-ight  silver  foil.  Test /<fr  nrnnganwe.  With  soda 
and  nitre  on  platinam  full. 

10.  Tf^ts  ipiVA  co^tU  Solution. 

ÄInminii,  magnesia,  borate  (or  phosphate)  of  magnesia,  oxidp  of 
xinc,  oxide  uf  tin. 

11,  Substances  to  ilittslrafe  the  regular  course  of  examinalioju 
Chloride   of    potassiani,    bromide  of    potassium,    barj'tocalcit^.-, 

acite,  Ünorite,  borax,  aliiuite,  wolframite,  titanic  iron.  Emith- 
'eonite  (cadmiferous),  annabergito,  oernssite,  wnlfcnitc,  pyivnior 
pbitv,  crocoitc,  libi-thenit«,  pitchblende  (araninite),  earthy  cobalt, 
cafisiterite,  cobaltite,  bertbierite,  aUbaudite  (mauguDblonde),  stau* 
nite,  t«trahedrite  (mercurial). 

Trof.  EglL'Stou  has  arranged  and  pul)liBhed  in  the  American 
C7i«T»ü/,  April,  I87ä.  on  excellent  scheme  of  ezaminulion  for  the 
metallic  oxides,  whioli  h&st  be4*n  u&ed  for  some  time  with  marked 
success  in  the  äohool  uf  Mines  of  Columbia  College,  and  is  given,  by 
his  permission,  almost  as  published,  on  the  next  page. 

In  nsing  the  scheme,  attention  should  be  paid  to  the  following 
note: 

N'rrit.— Tfae  wlicmv  Is  to  be  varied  >llj{lilljr  •cc^mllnic  10  cltcumitncrt.  \t  tulplild«, 
snenldM.  etc.  wr  nndcr  trcAtOM-Dl.  the  *iit)»taiic«*  mut  b«  CHrefBllj  roaeled ;  bot  tf  Int  I  fmila 
to  »horn  8,  Ak,  !«ti.  <v  So,  M  »nlphlitM.  ar«i'nli1»,  etc,  the  ntMtAno«  I»  Htber  an  oxide  or  aa 
«Hoy.  If  on  oxide,  tfao  n>MlltiK.  %.  i«  omitted.  If  no  alloy,  U  \gi  eabjectM  to  th«  t<>»t  1.  a.  tot 
Pb,  «ic,  «nd  Ibra  the  teat  3,  A  U  purfonaed  l>j  tu»iae  ihe  aUoj  on  cool  with  bonx  In  tb«  R.  P.. 
thiv  oontiln^tifc  t,  A.  and  9,  A,  a.  In  otic  opcrailoa.  Srme  ralphlilM  durlog  th«  rautlog,  S,  A. 
vlD  rcdDM  tn  molal,  uid  then  tfter  thorotifh  roRf'tlni:  ara  to  bo  trc«t«d  llko  all'-ye.  A  mtrutl  or 
It«  *alpbtdc,  elc.  mutt  n«ver  Iw  tr«alM]  ob  |>!atiiiuiu  wir«,  hut  Ibc  tnetal  I«  fu»od  on  coal  H-ith 
Um  flux;  In  B.  F.,  If  tt  ladmlrod  toc«t  only  non-r«<lnclble  motal».  n*  Fv,  Co.  etc.,  lo  tb«  Sax: 
In  O.  ¥.,  ir  Ca,  ?fl.  and  other  rcdnolhic  metaU  nrt-  to  he  tlnxfyl.  Th«  finx  I«  ttipn  tTan<«fern>«)  to 
tba  wtn.    Salphldea,  «Ic,  nintft  aln-aj»  be  roasted  befor«  i<-Btf ng  wlih  borax  and  S,  fti. 

Th«  word  buad  alw^yi  raten  to  tbo  Rux.  and  bnlton  lu  lb«  m«tal.  In  regard  to  3,  B.  Sn  can 
itw«7i  b«  fimnd  In  present«  or  Zn  bjr  r^dadng  the  dddn  with  «nda  and  a  llutft  btns,  and  itU 
imitaf  (be  miH  witb  wuter.  p.  W.  la  certain  alloy»,  (.  g.  hroozei.  containing  boita  Sn  aod 
Xo,  Un  Za  can  ba  d^taclad  by  treating  a  »hart  titn«  lo  K.  F.  and  loUog  Uie  coal  Gunned  wlUi 
cotnlt  «olQtlun,  m  Uw  Zn  Is  mon  volatile  and  comee  off  flret 
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The  Bubalaoce  iiMiy  cnntiiin"^— Sh— »— Se— Fe— Mn— Cu— Co— XI— 
"Pb  —  Bl  —  Ag— Au  — Il|r— Zn  —  Cd-J*«  —  CI  -B  r  —  I— CO*— SIO»— 
.VO'— IIO.  1 
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1.  Treat  on  C'h.  in  the  O.  F.  to  tiiid  volatil«  Kiibsliviices  such  as  As — ftb — ^~- 
So — Pb — Bl — Cd,  etc.,  p.  00  et  acq. ;  »nil  niso  test  in  the  open  tube  to  find 
wlicther  As,  Sb,  S  are  pi-esent  as  iirsenides,  vie.,  or  in  the  oxiJizvd  state,  p.  63 
et  seq. 


h.  If  there  are  no  volüttle  sub- 
tinces  present,  divide  a  part  of  Uie 
itul)slan(-o  into  three  portions  and  pro- 
ceed as  in  A. 


a.    If  there  are    volatile    Bubätun(^e.s 

present,  form   a  coating  and    test  it 

with  B.  Pli.  and  tin  on  Oh.  tor  fetb,  p.  '.tU. 

or  to  distinguish    between   Pb  and 

Bl,  p.  380. 

(t    Yellow  cnat,  yli-ldltie  wilh  ri.  Ph.  a  black  head ;  ilisijppi-arinü  with  blue  flame,  no  part  of  It 

yicldlni;  creeiiUli  Sb  il4mc>;  Pb  and  Bt. 
H    Yellow  cuat,  ^nerally  with  white  1>urder,  yioldiiig  black  or  ;^y  bca'I  wirli  S.  Ph.,  disappear- 

Ini;  with  l)liie  flume ;  at"o  the  Irarder  diHappo;)n]i:;  with  ^i  uriiiuh  flaiDL- ;  JPb  and  Sb. 
y    Ttfllnw  coat,  wty  f  Imllar  to  b,  hnt  ylL>]diii<:  uo  blue  flamr  ;  Bl  and  Mb. 

Hake  a  itpedul  luat  for  Bl  (.\ppfiidix  IIL,  b\.  Pb  In  predeucu  of  Bl,  if  not  tii  too  vmall 
quantlty,  t»  tu  be  di-tccti-d  liy  the  blue  flame  yielded  by  (he  cont  or  by  Ihu  mdiKud  metal  iteeld 
See  alao  Appendix  III.,  ft. 

3.  If  As — Sb — S — Se  are  presenl.,  roust  a  hii-<;e  qnantily  thorouijlily  on  Ch., 
p.  77.  Divide,  the  aultstancu  into  three  pnrtii»iis,  and  procet^l  as  in  A.  (See 
note  on  p.  xv.) 

A.  TKE.vrMENT  uF  THE  FiKST  PoKTioN. — Di.s.solve  a  very  sinall  quantity  in 
borax  <)n  platinum  wire  in  the  O.  F.  and  nliserve  the  color  produced.  Various 
colors  will  I>e  formed  by  Ihe  combination  of  the  oxides.  Saturate  the  bead  and 
shake  it  off  into  the  porcelain  dish  ;  repeat  tlds  once  <)r  twice,  p.  7Ö. 

a.  Treat  tliese  beads  on  Cli.  witti  asnudi  piece  of  lead,  silver,  or  gold,  in  a 
strong  R.  F..  p.  H3. 


h.    Fe—lHn — Co,    etc.,    remain  in 
the  bead,  p.  lir>. 

Tf  tho  tKad  pprRada  out  on  the  Ch.,  it  mupt 
ho  collected  to  a  globule  by  continued  blow- 
lng- 

Mskc  a  Ixirnx  bead  on  platinum  wire  and  dla- 
Bolvu  In  it  mnw  of  the  frainiienni  of  the  l>cad. 
tCHcrviUir  the  rest  for  accident«. 


c.       Nl— <:u— A«— All— Sil— I»b— 

Bl  are  reduced  and  enllcfir'd  by  the 
tend  button,  p.  115.  (Sli,  Pb,  and  Bl, 
if  prc-sent,  will  pitrlly  volatilize.) 

Remove  the  lend  hutlOD  frum  the  bead  while 
hot,  or  by  Itreakin^  Iho  latter,  when  cold,  on  ths 
anvil  bi-twccD  p^per,  carefiilly  pre^en'ing  all 
the  frainnenta. 


(f.    If  Co  is  present,  tlie  bead  will  be 
blue. 

If  n  lanre  amount  of  Fe  Ix  present,  add  a 
little  lior:ix  to  pnivc  the  prev'cnco  or  absence 

i.f  Co,  p.  aaa. 

ir  in  It  \*  pri^s^ent.  tlio  bmd  when  trontcd  on 
platiiitim  wire  in  the- O.  F.  will  become  dark 
Ttolel  or  black. 


e.    If  oiily  Fe  and  Hn  with  no  Co  are 

present,  (hebend  will  t>e almost  cr)lorle8S. 
Look  tierc  for  Cr,  Tl,  Mo,  IT,  IF,  ▼, 
Ta  by  the  wet  way.  (A  notable  amount  of  Tl 
may  be  detectod  with  8.  Ph.  and  tin  Id  the  ori- 
ginal oxideH,  In  absence  of  other  coloring  Don* 
rrduclhte  oxidvR,  p.  323.  n»  will  tte  shown  bf 
the  clon<ly  brown,  or  black  appearance  of  the  bo* 
rax  bead  In  K.  F.  ou  platinum  wire,  p.  105.) 
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/.  Treat  tln^  liiitt<in  c  on  Ch.  in  iliy  O.  F.  until  all  the  lead,  etc.,  is  driven  off; 
Kl,  Cu,  Agf  Au  romniiiin^r  beliindj  or  separate  the  lead  with  boracic  acid, 
p.  443. 

g.  Treat  the  residue  g  on  CIi.  in  O.  F.  with  i*.  Pli.  bead,  ivnioving  the  button 
while  the  he:id  is  hot. 

A.    It"  \l   and    Cu    lire    present,    the*.    For  A  J  juhI  Au  make  the   special 
bead  will  lie  frreeii  when   cold,   ji.  Sfl'J/test  No,  8. 
If  Ml  imly — yellow.  It'  Cu  only — hhie. 
Prove  Cu  by  Ireuliiiij  ihe  S.  Ph.  bend 
with  tin  on  Ch.  hi  the  K.  F.,  p.  2!»il. 


B.  Treatment  of  thk  Second  Poktion. — Drive  oö'  tJie  volatile  substances 
in  the  O.  F.  on  Oh.  Treat  wiih  the  R.  F..  or  mix  with  soda,  and  then  treat  with, 
the  I{.  F.,  for  Zii,  Cd,  Sn.  If  a  white:  coating  is  formed,  lest  wit)i  cobidt  solu- 
tion, pp.  251,256,376. 

ir  Zu  is  ronnd,  it  1»  not  geaenWy  tiecet>t>ary  to  look  fur  Sn,  stid  vkc  verra,  tt»  th«y  rsry  rare); 
occur  together,    (See  note,  p.  xv.) 

C    TiiEATMEST  OF  THE  TiiTBD  PoKTioN. — DissoIvG  soiiifi  of  the  substsnce  in 

5.  Ph.  on  platinum  wire  in  O.  F.,  (iliser\'ing  whether  SIO*  is  present  or  not, 
and  test  for  Mn  with  nitrate  of  potassa  or  soda,  p.  210. 

3.  Tfst  for  As  with  soda  on  Ch.  in  the  H.  F.,  or  with  dri/  Bod.i  i;.  r\  closed 
I II  be,  p.  345  et  seq. 

4.  Di*«olve  in  8.  Ph.  nn  platinum  whe  in  the  O.  F.  (if  the  snbslnnce  is  not 
metallic  and  does  not  contain  imy  §),  »nd  test  for  Sb  on  Ch.  wilU  tin  in  the 
R.  F..  p.  9».    {To  dc"cct  a  lit'lt  Sb  with  Cu  or  Sn,  see.  p.  ;J:J1.) 

ft.    Test  for  Sc  on  Ch.,  p.  3<i8. 

6.  In  absence  of  Sc  fn^e  wiili  soda  in  the  It.  F.  and  test  fur  S  on  silver  foil, 
p.  365.  In  pre.seiice  ol'  Se  test  for  S  in  open  tul)e,  p.  366,  (To  distinguish  be- 
tween §  and  SO',  see  p.  868.) 

7.  Test  for  llg  with  drj/  soda  in  a  ehiM-d  inbe,  p.  004. 

8.  Mix  some  of  the  sub-ilance  with  assay  lead  uiul  boni.x  gliiss  and  fuse  on 
Ch.  in  the  R.  P.,  p.  401.  Cnitc]  the  lead  button  fm-  A|E,  p.  407.  Test  with 
nitric  acid  for  Ail,  p.  ^iO. 

9.  Test  for  CI,  Br  and  I  wilh  oxide  of  copper,  pp.  37!I,  ;i74.  JJTo. 

10.  Test  for  CI  or  Br  with  l)isiil|)linle  of  poln.ss:i.  p.  :17-1. 

11.  Test  for  liO  in  a  closed  lulie,  p.  :!ö:l. 

13,  Test  on  plaiiniiti)  wire,  or  in  pl;ilijiiuii-[nfiiiied  forceps,  for  rolnintion  of 
the  flame,  p.  Ti  et  xrq. 

13,  Test  for  CO^  with  hydrocliloric  or  nitric  acid,  p.  360. 

14.  Test  for  XO'  with  hisniphate  of  potassa,  p.  354. 
1ft,    Test  for  Te  in  an  open  tube,  p.  351. 
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DESCRIPTION    OF    APPARATUS 
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REAGENTS. 


r.  The  Blowpipe   and   its  use  in  Chemistry  and 

Mijjeral'Ogy. 

The  blowpipe  has  for  a  long  lime  l)een  used  by  workers  in  met»! 
for  the  piirjwso  of  stiJtU'ring  ^Jigetlifr  small  pii'ccs  of  nn'tul,  by  iii^ans 
of  an  oasily  fusible  raeUllic  alloy,  cf>rresi)ontling  to  the  nature  of  the 
luetals  in  bund.  It  congiets  of  a  conical  hrass  Inbe  alwut  two  hun- 
iJred  und  forty  millim.  long,  Ix-ut  at  u  right  angle  at  the  narrower 
end,  bnt  nut  «*ith  a  sharp  corner,  so  that  with  it  the  flume  of  an  oil- 
lamp  can  be  conveniently  directed  upon  the  piece  of  metal  to  be  sol- 
d*-rf(l.  which  is  laid  npon  channal.  The  avide  end  of  the  blowpipe  is 
placed  between  the  lipä,  the  lower  end  directed  toward  the  flume,  and 
a  stream  of  air  strong  enough  to  produce  the  neces^ry  heat  is  blown 
through  it  upon  the  llame-  At  ihi*  present  time,  however,  this  instru- 
ment furms  one  of  the  indi^peugable  aids  wliich  the  clicmi?,{  «mplovfi 
i»  hifl  labomtgry,  tiie  minerubgitit  in  t^^gtiiigaud  determinin%  mi»- 
ertila,  and  the  miner  and  t^melti-r  ia  examining  ores  and  nu'tullii  gical 
pntducta. 

Benwliui*  idti  n«  llial  Anton  von  Swob,  n  SwedUb  eounnllor  of  mine»,  wo, 
■nrontiii],'  to  Bcixinan's  acconni.  the  ArM  to  ctnplo«-  the  >ilnw|iipe,  in  the  vt-nr  17M,  in 
c«ttnj;  niincmln  nnd  on^.  hut  tii«  fxlrnt  of  hi*  experintcnti«  is  nnknuwn,  ns  be  piib- 
llifhr«!  nn  wntirn  irrnnnt  of  them.  CmnHtodt,  o  8wrilti>h  ilirvrtor  n(  minrfi  ami  tbr 
bnntkr  of  the  rhfuiU-ai  sy^tii«  of  mlnrralot'T,  which  ft(tpe)in'<l  in  1758,  us«l  the  Mow- 
lipc  I"  «liitiiipiiish  niiucnils,  emplovinp  for  the  pnqw-c  fn!i!ilc  rc»t:<?iM*.  Vi>n  Kni.i*- 
vho  in  1770  ;7iibli>ibcil  a  irnnälution  of  Cn>n»tci)t'«  eviitciii  in  £n;;1an<l,  a'hlrit  a 
ita  «ertioii  *hicli  trcatotl  of  tht.-  nnuiiitT  tn  which  Croo«t'(it  i'm|tlo_vtd  the  bIow]ii|M'. 
■nd  whirh  aIi*o  contain»  llic  ino*l  t.i*mTal  niiclioTis  of  ntituTHl«  tl»en  IcDown,  üen  itw 
nirttiiT  TTvt«]  fur  a  lun;;  lime,  mi  that  the  onlv  iiw  to  whit-h  llie  bluwpi|iv  WOJ  pat  In  tbr 
liwnd  of  ihp  rhi.-nii^L<  inrl  inincmlogi<i«  wa«  to  lC9t  the  ftisibjlitv  of  mbfttnnces  and 
their  whiUilit^  in  bonix-j>la». 

Bcri^mati,  bowevvr,  cxl<^n<l«l  th«  iine  of  ihr  (»Itwi-iv«  siill  further,  iinplnying  it  to 
ddeci  vm'  ita»!!  quantities  of  minentl  «ubBtiinrps  iu  analytic«!  rxnmtnattous,  anil  In 
1770  be  pnblkbetl  r  Taiiu  trcAiise  on  ibe  bL-hntriur  uf  mincmJs  before  th«  blowpipe,  m 
VUnno.  Prrrmtcil  hr  ill  h»llh  fh}m  dvTütini^  himm-lf  conütandr  to  blowpipe  experi- 
in«nitB,  BiTgnmn  wiu  «Mixtrd  hr  Oahn,  who  used  the  inmnitncnt  diligently  in  hii 
nincnlotiiud  ■ludiea,  olituinin;;  by  ila  'iid  roalts  m  rapid  nf  lh«y  wer«  conTinrtnp. 
1 WM  hU  skill,  thnt  lie  di>r-ovt^n-d  in  mint-rnln  ihe  prnx-nre  of  «uhitaQCM  whleii  luid 
I  tht  most  minute  search  in  (ht  wvt  way;  but  notwilluttanding  hi«  experience. 
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Oahn  never  fell  iiiiy  incliiiatiim  to  piililisli  his  newly -found  and  inipmvnl  motliofl«, 
Bcrzcliiis,  howcviT,  l>ocoiuiii^  acquainted  v'rh  Ilie  liiwnveries  wliieh  (liihu  Imil  iiiink', 
5(>ught  to  win  thum  for  eciencc,  ami  ni-o;:nizing  ihr  inip<jrtancc  and  uwfulncss  of  tht 
n-nction«  in  the  dry  way  with  the  blow|ii|»c.  lie  determined  the  Iwhavior  of  most  of  tht 
Diinernls  :intl  the  hixlics  con){)4>!H-cl  of  tliem.  Utth  uloiie  und  with  variuus  reu;;ent!<,  bcfort 
ihe  ))low[!i])«-,  and  in  the  year  1921  ])ul)ii:'lied  his  well-known  work  on  "  The  oüc  of  the 
Jlh^wpijie  in  Choinistry  und  Mini'rnlti^rv." 

B.  de  Saussure  also  employed  the  hluw]ii[H'  ehielly  in  riH-ctgnizinfjnnd  distin<;tiishin;: 
minerals,  but  altIiou|;h  he  introduwd  many  improvements  in  the  use  of  the  instrument, 
hi-  remained  far  iHrhind  Gnhn  in  his  results.  Amonj:  other  thini;:«  he  endeavored  to 
determine  the  tcmpenttiire  necessary  for  fusin-^  variunn  Piihstances,  by  measuring  the 
ilzc  of  the  button  which  he  could  melt  with  the  blowpi|)e.»  Since  the  appearance  of 
the  firdt  edition  of  Berzelius's  work  the  use  of  the  blowpipe  has  been  widely  extended 
and  experienced  valnahle  acUiilicms,  ]itinly  ihniu^h  Ilerzelius  himself,  partly  at  the 
hands  of  Ja'  Bailiff,  Smith»on,  Turner,  Harkort,  von  Kolwll,  and  others.  Ilarknrt  first 
nsvd  the  lilowpiju  for  the  quantitative  silver  ai^say,  but  Plattncr  extended  its  u«>  to  the 
quantitative  determination  of  copper,  Icul,  biärouth,  tin,  nickel,  and  eoliult. 

The  blo^riiipo,  us  nsod  in  its  simple.st  form  by  workers  in  metal, 
is  subject  to  a  serious  inconvenience,  since  the  moistnre  which  nna- 
voidjibly  collects  in  the  tube  is  finally  driven  out  by  the  i)ressnn'  of 
tiie  air  and  produces  disturbances  in  the  flame.  To  avoid  this.ti  hol- 
low chamber  is  connected  with  the  blowpipe  which  serves  to  collect 
the  moisture.  Cronstedt  attached  a  hollow  ball  somewhat  below  the 
middle  of  the  tube,  Bergman  adopted  a  semicircular  shajK',  while 
Gahn  gave  a  cylindrical  form  to  the  part  designed  for  retaining  the 
moisture.  Various  other  methods  of  improving  and  simplifying  the 
instrument  are  more  specially  mentioned  by  Berzelius,  in  his  work 
above  cited.  The  length  of  the  blowpipe  should  be  adapted  to  the 
owner's  eye,  so  t|iat  the  body  to  be  treated  may  be  held  wlicre  it  can 
he,  moat  distinctly  seen.  A  shorter  tube  is  therefore  to  be  recom- 
mended for  a  near-sighted  ])cr3on,  and  u  longer  one  for  one  who  is 
far-siglited.  Tiie  construction  most  used  at  present,  pr(.)po3ed  by 
Gahn  and  approved  by  Bcrzelius,  is  represented  in  one  half  the 
natural  size  in  Fig.  1.  The  whole  length  from  A  to  H  ']&  two  hun- 
dred niillini.  The  jet,  b.  so  arranged  that  it  can  bo  removed,  is  most 
advantageously  made  of  platinnm,  being  either  soldered  together 
from  not  too  thin  a  sheet,  or  turned  from  a  solid  piece.  It  is  well  to 
hav{r  two  such  jets ;  one  with  a  smaller  hole  bored  to  a  width  of  0.4 
millim.,  for  qualitative  assays  only,  while  the  other  has  a  hole  0.5 
millim.  wide,  and  is  used  for  such  qualitative  assays  as  require  a 
strong  ilame,  and  for  all  quantitative  assays.  Experience  haa 
shown  these  to  be  the  best  dimensions.  If  the  hole  is  too  small  it 
can  be  bored  wider  with  a  flue  steel  drill  or  broach,  like  that  used 
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by  Wtttch milkers.  It  must  he  bored  from  the  inside  toward  the  out- 
Kiile,  mid  the  pnijec'tiny;  rim  which  is  jEfcncrally  iimdiicod  nn  tho  ont- 
*idt'  is  tJifn  ri?mov(Hl  by  using  ulltTualely  the  drill  luid  u  äiuuli  tile, 
until  the  bole  appours  perleetly  rouod  on  look- 
ing  throiigli  it  with  a  nia^nirying-glass.  JcU 
^V  BA^^^^v  ^''^^  ^^^  widii  u  bure  are  titst-fiil  in  but  few 
cAdc&  When»  through  lung  use,  the  platinum 
jet  is  ctiveivd  with  auut  and  the  hule  übätrueted, 
it  can  be  cleaned  by  ivnuA-iug  it  Irum  liie  lulie 
and  healing  it  to  a  uiuderute  rcdiieäS  on  ehar- 
coal  with  the  help  of  the  bIowpi|>e,  or  »i  the 
np[>er  jmrt  of  the  tlaine  of  a  gpirit-lauip. 

Ff>r  lone  uid  conntaot  um-,  n  jrt  turned  from  ■  \iiwe  uf 
|iliitiiitim  U  pRfcnibk*  tu  uoe  vf  bolilcrotl  kliv-ct  plaiiimiu, 
•incv  itic  hvnm  of  tlic  Inner  is  fn>jlv  itijiiivJ  in  time.  The 
cwjiy  oxtilnitnn  of  tho  mi-mi«  Turliiil^  iIh*  i;;niikiii  of  tiru«  and 
Grimitn  tiivvr  jotf,  wliii^li  miifl  ilii-n-foru  U:  clenit««!  I)jr 
|iiuwiii(;  a  Ihm  epIinttT  »f  }iuni  ur  u  iienllc  iliniii|;li  Ulc  hole 
Crom  witbiii  outwurd. 

To  avoid  tiring  the  lip  muscles  by  long  blow- 
ing, Plattner  haß  roconi mended  the  liora  niouiU- 
piece,  C.    By  prea.<iiig  this  against  the  slightly 
opened  mouth  when  blowing,  a 
person    accuKtumed    to  it  can 
blow  uninterruptedly  for  a  lon- 
I  ger  time  an<l  much  more  strung- 

^      r  It  than    wiihotit   it.  nor  'ta  the 

■  U  I^tt£t  fatigue  felt  in  The  lip  mns- 

■  jM  cles.     Particular  o:ire  must  be 
^^L  taken  tliat  tbo  mouth-piece,' (/«!, 

^^_^^^  18  properly  curved,  so  that  the 

K.jj  1.  rim  of  it  may  not  eanse  nnne- 

eessary  pressure  on  thy  mouth, 
and  the  diameter  of  the  outer  end  should  l>e  about 
thirty-five  mitlim.  On  acrount  of  the  strong  con- 
ducting power  of  silver,  a  blowpipe  of  this  metal 
U'coineg  em  bot  through  long  blowing,  that  it  can 
aeareely  be  held  with  thi'  nuktil  fingers,  and  blow- 
pi|K'a  are  geueruUy  made  uf  brafs  or  Uerman  öilvur. 

Milscherlich  has  proposed  a  very  convenient  blow-  pj^,  5^ 

pi]K',  of  «onu'what  different  construction,  for  tnivel- 
ling,  whiih  im  shown  in  Fig.  Ü.    The  cyliudrical  jwrt,  J,  serving  lo 
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retuiu  the  moisture,  is  attached  to  the  long  tube,  whicti  nnecrows  in 
the  mi()d1e  at  B,  while  the  smaller  tube,  n  b,  can  be  slipped  into  the 
half  tiiat  irt  fiiälfhed  ta  t.ht*  nirtiäluixt  rt'derroir,  and  the  ulher  half,  C^ 
the  mouth-piece  of  which,  i),  should  be  covered  with  silTer  when 
the  whole  is  of  bruää  or  Gorman  eiWer,  can  be  put  over  ihU  like  a 
case.  The  cylinder  thus  formed  can  be  couvenicutly  carried  iu  the 
pocket 

If  the  htow[t[pe  Is  to  be  ated  for  glM*  blowing,  the  tube,  Fi^.  3,  bvnt  nt  a  riuht 
ingle,  «in  IfC  ciB|>k)vctt,  u  BcnHiui  has  dcscribod.     Thi-i  U  fixed  in  lite  tipcninf-i  o, 

JT^g.  1.  mil  cnn  Iw  ini*lin(H]  «i  nny  roi]umil  Bn-;U!  with  ihe  luti^  iuIm:.  Um- 
blow|ii|ie  can  in  this  cojw  U*  bt-lil  itai  in  the  muuth,  either  wilhuut  a  nwiuth- 
liieve,  irr  wiitb  a  browl  bon«.-  moutb-pin-c,  Fi».  4,  >u  rhnt  both  baiiila  are  bvv- 
A  siill  better  amuigemenc  for  ibu  piir|KM«  U  ^boftD  in  Fi(r-  &•  Ufiaii  ibu 
buahl,  /',  ift  ftxpil  A  metal  plate  with  a  venicaJ  slit  iu  which  lU«]  brus  pkrv,  Jt, 
InLini;  tbtf  place  or  the  nioiaiure  rc«evvoir,  A,  Ft;:.  1,  of  the  ordinary  biti«- 
|ii|ic,  ''nn  Im-  DHivnl  ap  and  duwn  and  turned  at  pb-asiire,  lunng  hi-ld  fa«i  in 
ibc  ns|uirtH|  p<>ttition  hr  a  nut,  not  *tx\i  in  tbc  drawing.  The  fcniAli!  M-n-vr, 
(',  nn  the  other  »>i(lc,  M'ri-ts  a  Ukc  purpAM:  fur  tlic  short  Lik-i?,  m.  in  wbit,-h  tlie 
Uowpijie  tnlw.  r,  ii«  placed.  In  the  bnus  piece,  J:,  there  \i  likewiiM.'  an  i>|>on- 
in^  fur  til«  K%\l  tube,  o,  tu  which  any  desired  inclination  urn  be  given  \>y 
by  turning  J..  The  imrta  of  an  «mlinary  bluwpipe  cau  be  ucd  Uvt  o  and  r. 
The  Wup,  /,  is  Ukvwiw  wt  dinxtlr  npun  b. 

Mucli  trouhltf  haa  ] 
been  expended  in 
constructing  contri- 
vances by  which  u 
blowpii>e  flame  can 
be  produced  without 
the  help  of  the 
human  linij^.«<.  AViLh- 
ont  entering  into  a^ 
discuEsion  of  all  the 
pieces  of  ajiparaius, 
the  oldest  of  M-hich 
are  mentioned  in 
Berzelinss  w  u  r  k 
above  cited,  one  alone  will  be  more  nearly  cousidorfd  here,  which 
»utiufies  all  the  requirements  that  cau  be  expected  from  such  au 
arran^emt^nt;  it  is  the  «aoutchouc  bellows.  On  a  small  board,  b^  a 
metal  rod,  n.  Fig,  6,  is  fixed  by  means  of  a  joint,  so  that  it  c:m  be 
moved  toward  one  side,  and  on  thiii,  the  metul  piece,  c,  which  cau  ba 
Becured  at  pleasure  by  the  screw,  ^,  moves  up  and  down.  The  exib 
tube,  I,  can  thus  receive  any  inclination  and  position  with  regard  Uy  the 
blowpipe  lamp,  n.    The  bellows,  S^  the  tuW,  k,  and  the  reäervoir,  /?, 
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are  for  the  moat  part  coastructed  of  vnicanized  rubber;  v  mid  v'  arc 
valves.  By  compressiüg  B  with  the  hand,  or  upon  the  floor  witli  the 
Toot,  and  lotting  it  expand  again,  the  air  enters  at  v  and  is  expelled 
lhruu;j;h  v'  and  tlie  tube  k  iutu  the  reäurvoir  U  aud  the  tube  t.  After 
a  few  experiment«  with  the  poBitlon  of  the  tube  t,  and  a  stronger  or 
weaker  pressure  of  the  buUowa,  faoititj  in  constantly  maintaining 
the  different  Üames  is  acquired. 


_fl 


Fir». 


I 


Ikoeatljr  more  complicAt«d  apparatoi  bu  hMn  dvvisvd  forth«  purpose  uf  securing 
niindity  in  rhanpini;  the  dinvdoa  of  the  tut«  /,  htiJ  fixiiii;  it  niurv  Rccuntcty  in  iu 
plicc,  ami  iu  üoitH!  ctLsrs  thv  lube  i»  Nttat'b^l  la  tbc  lamp  ilMlf.  Amuni;  ibeae  »re 
ihe  appiirniusof  Omus  auil  Osu-rldtii]  [Bay-  m-  BittieHm.  Zn't.,  1863,  No.  13);  oT  O. 
A.  Mum:«,  Tull;  detfcritied  in  the  Ikrtf-  u.  fl^k-nm.  Z^'t..  ISCS,  No.  40,  tuiJ  1666,  No. 
»;  that  of  C.  3.  Rueger.  Btr^  h.  HüUtnm.  Zeit.,  I860.  No».  19  un«!  34,  and  oTPr. 
ItlDchvr.  Thu  lattvr  tlirea  ore  quite  complete  ami  probably  aotwisr  tlie  purpuM  as  well 
*%  atiylhinfr  ibat  cuaUl  be  dcnaed ;  but  altbou^b  ibvy  mar  be  mnmroi-tuletl  for  sotnc 
^uiutluiirc  opcrntioDB  reqairiD^r  onljr  a  stund/,  strung  tiamo,  wblcb  must  be  kept  up 
(br  sotnr  time,  «tt  in  the  ■uro rillca lion  of  a  Dumber  of  ailwr-lcad  buttons,  roiutline;  orvs, 
and  $.imiUr  mlher  irdioiis  openviion»,  thtn.-  U  aothin?  which  rjin  h«  «dTimiagwouHljr 
aobKtiluted  fttr  tite  rnouth  »nd  bitnds  in  twm  raqoiring  mure  Careful  treatment. 

Ttw  cuoutc'liouc  bellowfa  an*weni  all  requirvmyota  and  render«  doubtful  the  inrrortne- 
tiunuf  variuu«  otber  rw«;Qt  b1uwpi]iu  blafitfi,  amuug  which  are  ibe  AiUowiag:  ihftt  of 
I)c  Lu«'a  (ßwi;-  u.  lifatntm.  Xrit.,  18&4,  p.  231  \,  with  the  improreroeni  tntrodnced  by 
Chi*VBlifr  iPtJyf.  CnttnM.,  1857.  p.  718);  tbo  G<Hd/ifMiM  vf  Rraana  {Ber^  u.  Bäütnm. 
Zeit .  1M6,  No. .KM:  the  StandliUhn/rr  o(  Schiff  {Anntä.  d.  Ch,  a.  Pfutrm.  n.  R.  «il.  35, 
p.  M«)  i  the  blowing  machinf  of  Spmigel  {Png>j-  Am.,  vol.  112,  p.  364). 
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IL  The  Fuel, 

In  case  of  necessity  a  candle  flame  may  be  used  for  many  qualita- 
tive blowpipe  assays,  but  when,  a  stronger  flame  is  required,  as  iu 
quantitative  assays,  peculiarly  constructed  lamps  must  be  used,  in 
which  rapeseed  oil,  olive  oil,  a  mixture  of  alcohol  and  turiientine, 
or  illuminating  gas  are  burned.  The  flame  of  alcohol  is  poor  in 
carbon  and  only  suitable  for  a  few  blowpipe  experiments.  Rapeseed 
oil  must  be  refined  as  the  unrefined  oil  smokes.  Olive  oil  burns  very 
well,  but  is  sometimes  bad  because  the  blowpipe  flame  is  surrounded 
by  a  broad  yellow  envelope,  aud  is  tlien  useless  for  assays  iu  which 
the  coloring  of  the  flame  by  the  substance  under  examination  is  to 
be  observed.  The  form  of  blowpi})e  lamp  now  used  for  rapeseed  or 
olive  oil  is  the  same  as  was  proposed  by  Berzeiius.  The  cistern.  Fig. 
7,  is  of  tinned  sliect-iron,  about  one  hundred  aud  sixteen  millim. 
long  and  coated  with  dark  lac(iner.  Its  section  is  shown  by  the  front 
view,  B,  The  socket,  a,  is  twelve  millim.  long  in  the  clear,  and  live 
millim.  wide,  and  is  filed  slanting  fn>m  right  to  left,  so  that  the 
flame  can  be  directed  downward  by  the  blowpipe  when  required. 

The  cover,  C,  can  be 
screwed  tight  over 
the  socket,  and  for 
this  purpose  is  pro- 
vided with  a  broad 
rim  on  which  a 
leather  washer  soak- 
ed in  wax  is  fastened 
with  shellac.  The 
oil  is  poured  into  u 
special  opening,  A^ 
which  can  be  like- 
wise closed  with  a. 
screwed  cover.  The 
wick  is  woven  in  a 
cylindrical  form  and 
is  of  cotton,  like 
those  used  for  Ar- 
gand  lumps.  It  is 
pressed  out  flat  and 
folded  Ici.gthwise  ao 
as  to  come  fourfold 
into  the  socket,   to 
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Uie  width  of  whicli  it,  muHt  exactly  correepond,  fitting  neither  too 
.oosoly  nor  too  light,  and  its  ujipcr  edge  is  cut  pnmllel  with  tlie  aniket. 
The  liunp  itf^.*]!'  U  iiiuiinted  on  a  hrtu»  tstaud  and  tixed  un  thti  hrnsa 
1*1x1  b}'  a  aQTuw,  c.  On  the  Miuie  istaud  is  u  hmss  ring,  D,  uljoiit  fifty 
niillim.  in  dmmetcr,  provided  villi  a  movahle  arm,  and  in  it  is  it  ii«t- 
work  of  iron,  or  Irettcr  6titl,  plutiunin  wiru.  whicii  serveaos  uänppurt 
fur  «niall  iiorcelaia  veti&el»  u&t'd  in  drying  siihätauccä  or  heating  llnidä 
either  uver  tlie  free  lamp  flame  or  uver  the  q^iirit-lamp.  Sinre,  how- 
ever, this  arraugGinetit  is  nut  wuU  suited  for  heating  a  ämall  phitinum 
crncittle  ur  a  thin  di^li  of  platinum  or  )H>rcelain  to  a  rud  heat  ovor  a 
coinnnm  »piril-Umft,  thurc  in  a  äquaro  hide  in  the  mo\#do  [furt  uf  the 
ami.  r/,  intu  which  the  arm  of  an  igniting  ring,  JC,  can  l>e  inserted. 
On  the  igniting  ring  in  ])taced  a  triangle  of  platinum  wire. 

For  unxtnifs  of  aJLTiho!  and  oil  of  turpentine  glass  lamps  aerve 
Iwrtt  being  made  like  an  onlinary  spirit-lamp,  t>nt  provided  with  a 
eockel  and  wick  like  the  oil-lamp  just  de8crit>cd.  Dnllos  has  pro- 
posed a  mixtnre  of  twelve  parte  of  strong  aleohol  and  »ne  i>art  of 
turpentine i  Fiäani.  a  mixture  of  six  parts  by  volume  of  alcohol  of 
85"  and  one  part  of  turpentine,  with  the  addition  of  a  few  drop«  of 
other  to  clarify  the  cloudy  liquid.  Insti-ad  uf  the  turpentine  iH-nzino 
may  Ik:  employed  ;  four  ])iirti;  of  alcohol  and  one  of  ht-nzine  giving  a 
struugly  illuminating  tlanif.  The  introduction  of  illuminating  gas 
in  mtiny  chcmieal  laboratories  has  rendered  it«  use  very  eouveuieut 
for  the  blowpi|>e  experiments,  and  the  burner  pi*o|)Osed  by  Uuifseu  is 
liest  suited  for  this  pur|h>8e.  Through 
the  nex'k,  ^,  Fig.  8,  which  is  connected 
with  thi?  giw  pipe  by  a  rubber  lulx*,  the 
gae  fluwö  into  the  vertical  tube,  «,  from 
^low.  issuing  tJirougb  fs  flne  ojiening 
made  by  three  slittt  meeting  at  a  central 
pijint.  Inside  of  the  tube.  «,  the  gaa 
mingle«  with  air  entering  througli  the 
eidf  o)K-ningä,  »^  so  that  if  kindled  at  the 
npper  end,  it  burns  with  a  blue  flame 
free  fnm»  soot  While  l>y  this  jirrango- 
ment  various  experiments  on  the  color- 
ing of  the  ttamu.  the  fusihility  of  sub- 
stances, and  with  honvx  and  salt  of 
phojtplioru^  l-H-adä  can  W  made,  it  may 
also  He  n^jidily  converted  Into  a  regular 
blowpipe  lamp  by  slipping  into  n  the 
uimll  tube,  /,  t^o  fui-  a»  tu  cut  off  the  access  uf  air  through  s.     The 


FifT,  H. 
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Uibe,  I,  U  iuuliii«^  ut  the  tup  liko  tbo  lump  socket,  and  has  a  slit  tea 
to  dcveu  inillini.  luüg  aud  about  1.5  millim.  wide.  When  the  air  it 
tbu«  cut  olV  the  guü  buni6  ut  the  upper  o])ening  with  aii  illnmlAatiog 
lUiiRt,  wliii'li  utiiy  be  mtule  ut»  lurge  us  uu  ordiuui'y  lump  Üamo  by 
leguliiliiig  Ibt!  ace4'fiä  of  the  gas. 

]rrii)k  {Ote  I'ktf-iii^im^M  Technik,  Kccond  edition,  p.  48),  hu  deKribc<t  ao  trnui|; 
t  IbrgUM-biunit^f  which  cas  bo  enploj-ed  in  a  iDUH'wIiat  ahi-n:<l  funii  fur  lilowpipe 

exaramntMm»,  Fi^.   9  (nniural   aw). 


Xj 


K 


r»«.». 


Iq  ihU  arrsngcsntfut,  which  t-nn  uiilj 
be  u^eil  »btrc  illumiiinitiif;  f>iu  U  ml 
hHnd,  thu  lamp  and  t)kjiv])ipc  an 
cumtriiii-it.  Ovvr  [lie  »it  tubi',  a.  of  an 
ontman'  blowpipe  a  rt-limlricnl  caM, 
A',  ronu-al  at  one  end,  ü  •Iipp4-d  ataij 
fiutrnril  Ity  a  tcn-yi,  ».  llltitiuniUJtl 
gaa  HoM*  into  tbU  cow  üiruu^'li  ttaflj 
neck,«/. t.i>nn(.t:t«l  nillt  lbt-;;as{dp«>  bn 
a  rotibfT  lubi',  */.  «ml  minKlt-^wilh  ihr 
air  i*siiinj{  frum  tin*  ■pcrtiiiv  of  tht 
bluw|ü(ir  ji-t,  whii-b  »Iioul'l  l-rdafcuia 
II»  |>D»jli]tf.  Tbt)  itiin^jlvd  j^aMi  ] 
throii^-h  o,  lUid 
when  kindk-d  furm 


a  Iimff  (wintod  flnmo.  A  few  *ixpcrtmeni«  will  soun  «li^terniine  tho 
pmpiirtluiiH  uf  K*^  and  air  m|ulml  lo  produce  an  uxidtalng  or 
nNlucint:  (Innic. 

Boöiiles  the  lamp  (Vir  oil.  etc,  alwve  iI<'S(;ri(Hxl,  a 
nimpK'  spirit-lamp.  Fig.  10,  is  employed  with  advuji- 
tage  for  cxinnining  inuiiy  subehituvs  fur  volatile  in- 
gredients, iu  «mull  niatnissea  und  Ihiu  ghi&s  luhes, 
und  for  Huing  vuriuu§  suhstanot-s  with  In8ul]thute  of 
l^tacna  in  a  »mull  platinum  (^ptHin,  i\s  well  ws  for  ig- 
nition», etc.  A  lurgiT  sjürit-liuiip  ean  be  tmploycd  at 
hume  tliun  on  u  j<itirney,  wherv  the  uppurutus  most  be 
AS  ci.*mpuctly  urmngi'd  us  {»ossible. 


ptff.  la 


77/,  77jä  IU4Xst  and  the  Flame. 

The  Mast  vitb  the  blowpipe  is  not  produced  by  tlie  respinit 
uqeans.  brcauae  then  it  <\>uld  Ui»t  be  lou£  t<U!<tuined.  and  an  uuhroken 
forrrnt  of  air  rould  only  he  kept  up  fur  a  short  time»  hnt  it  is  pr 
dnvxH]  by  tl>«  mu«cle3  of  the  ehcx'kfi.  The  mouth  ia  filled  with 
which  is  fonwd  through  tin*  blov|>ipe  by  these  maaele«,  and  vhih» 
Idoving.  tbt?  conm-ctiua  b«twoea  the  cbeci  and  tb«  cavity  of  the  moat 
it  ok)«d  by  lb«  palate,  which  a<is  at  the  tame  tine  as  a  ralre»  so  '. 
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a&  the  mouth  in  sufticiently  ftiU  of  air,  and  respiration  is  eflBcied  only 
I  through  the  noae.  When,  however,  thi:  tfiiHion  of  tliö  ubeek  rauäclea 
'decrease,  air  is  agaiu  admitted  into  the  mouth  thi-ough  the  throat 

during;  thu  act  uf  expirutiou,  and  the  cheeks  thus  inflated  anew  with- 
_  out  iiit«rniptiug  the  bloät. 

Beginner«  psDcrall.v  commli  ihe  error  or  not  elodng  xha  connccikto  butwoen  the 
I  cheat  and  tho  rouuüi  at  the  ri^ht  time,  thereby  nllowiiii;  tttc  lungs  to  wurit  dirccllv  (or  A 
I  lun^r  »r  ibonrr  iieriud.  Thjit  thit  ittvh!  uf  blowing  mny  be  liijnrioui  to  the  hMlih  I« 
I  nc^t  to  be  doubted.  Person*  uDiictuaiotned  to  the  usv  uf  the  bknir|Mp«  can  lairn  to  pn> 
I  tlocc  ft  sicAtlr  >tiTnm  of  air  hr  taking  aire  to  breatlie  m-itlier  loo  fsst  nor  (wo  ak>»ly, 

but  jiiit  a*  ucnal,  and  in  a  dlstiticily  auillblo  war  during;  the  bla^l,  and  to  conliDue  tbit 
I  audible  bmitttinu  unlit  ihcv  can  produce  an  ufiim^rruplLil  ttreniu  of  air  of  tinifuitii 
I  fuiTc  widmtit  ihu  leiut  ttmlnin;;.  Soccen  is  nut  itid(.i.-d  iniin(.-dialL',  but  u  lew  itayä* 
,  jintrticc  «ill  muMj  improvemenl,  and  oflcr  a  uhile  »uch  facility  la  allJÜiiisl  lliat  no 
L  furtluu'  ipccial  ntt<:nlion  and  be  bontowed  upou  tlie  btiwt  itself,  mid  any  (icat  uf  injury 

U  the  tmtllh  1»  cDliicly  diuipatcd. 

It  U  im|K*ssihIe  to  prescrilw  th«  manner  of  holding  the  blowpipe 
while  blowing,  and  the  position  of  bolh  fori-anns  while  treating  an 
assay,  fiiucc  this  depends  upon  habit;  but  the  blowpipe  can  be  held 

(very  securely  and  cünveniently  by  taking  tho  long  tube  Vwtwcen  tho 
fingers  of  the  ri^ht  hand,  but  so  that  Liit-  inufr  juiutif  of  thu  index 
and  middle  tiugers  arc  above  und  the  inner  joints  uf  thu  other  two 
tinkers  are  below  the  tube,  while  the  thumb  is  extended  and  supports 
the  tiilw  with  the  end  joint,  where  the  moiitli-piecc  is  attached.  It  is 
aoon  found  that  the  pobitiuu  of  tlie  foi'earni.H  is  more  cuavenii>nt  wbt>n 
they  only  rest  against  the  edge  of  the  table  thau  when  the  elbows  are 
placed  upon  it. 

After  learning  to  blow  a  ötruug  unbroken  current  through  the 
blowjiipc  there  is  uo  difliculty  in  pro<lucing  a  good  Hume  by  conduct^ 
iug  the  current  through  the  flame  of  u  lump,  but  in  addition  to  this 
a  knowledge  uf  the  flame  aud  its  eejmrate  jmrts  is  necessary.  On 
lo«jking  at  the  flame  of  the  blowpipe  luuip  it  will  be  observed,  if  the 
wick  is  not  drawn  out  so  far  that  it  smokes,  that  it  is  comjK>sod  of 
four  separate  parts.  If  a  buruing  taper  is  placed  beside  it  the  same 
part«  miiy  Iw  even  more  distinctly  observed  in  its  flame. 

Fig.  11  repivseiits  a  candle  flame,  ut  the  ba«e  of  which  is  seen  a 
small  light-liliif  part,  n  fi,  surrounding  the  flame  at  this  point,  but 
narrowing  a^  it  ri*oe<li'g  from  the  wiek  luid  entirely  disappearing  where 
the  sides  of  the  flame  uscend  %'eriically.  In  the  middle  of  the  flume 
is  »dark  cone,  Cy  surrounde<l  by  the  illutninating  flame  proper,  the 
manth',  t/,  on  the  outer  edge  uf  which  is  a  very  thin,  scarcely  risibU 
envolo{>e,  or  veil,  a  e  b,  whicli  widens  toward  the  tip  uf  the  flume  ana 
is  the  hottest  of  its  several  i>ans.    On  holding  a  nither  tine  pUli' 
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nnm  or  iron  wire  ucross  the  flame  at//,  it  is  seen  to  swell  most 
and  to  tx;come  white  hot  in  the  envelope,«  e  b,  while  in  the  darker 
{'•^rtioii,  /;,  it  scarcely  glows.      'Die  cause  of  this  is  as  follows:  the 


I 


Ki«.  n. 


heat  of  the  flame  nidiates  back  u|)on  the  tallow,  wax,  etc>, 
.  anri  melts  tlie:*t'  ("Ubstancc!-,  which  are  then  sncked  np 

//\\  through  the  capillurv  lVn*ce  of  the  porous  wick  ami 
//v'  hrought  into  a  ti'mi)L*r.iturc  high  enough  to  coiivt-rt  them 
into  vapor.  While  these  heated  vapors  are  ;iscending  the 
air  enters  from  all  sides  and  its  oxygen  effects  the  com- 
buf-tion.  but  this  lakes  pliice  only  on  the  outer  limit  of 
the  fhinie,  forming  the  envelojK'  a  r  b,  which  consists  of 
carbonic  »rid  jind  stram,  and  heiv  too  the  flame  is  hot- 
test. In  c(>ti-<r|iiciice  of  this  high  temi>eratiire  the  vapors 
Iwhind  thi.-*  t  !;■■!.  jh-.  consisting  chiefly  of  the  two  kinds 
of  carlmn-tti-d  hydnigi-n,  8t*i)aratc  into  tlieir  constituent 
]Hirts.  and  the  .sejiarated  carbon  is  made  to  glow,  causing 
the  llgiit  of  the  flame  and  the  existence  of  the  part  rf. 
As  the  fn-e  carlMin  approaches  tlie  veil,  which  is  rich  in 
tixy;.'en,  it  is  burned  to  carljonic  oxide,  then  to  carbonic  acid.  The 
dark  cnne  in  the  flame  consists  of  undccomposed  vapors,  since  the 
hfut  of  the  veil  deen-asea  below  and  toward  the  middle  of  the  flame. 
The  air  havin«?  access  to  the  flame  from  all  sides,  at  a  b,  produces  a 
very  iierfert  combustion,  resulting  in  the  light-blue  portion  ;  but  as 
theiT*  is  not  enough  oxygen  to  convert  the  carbon  into  carbonic  acid, 
only  carbonic  oxide  is  formed,  and  tliis  causes  Um  blue  color.  Of 
thr-B*.'  four  parts  thn^e  can  be  as  easily  distinguished  in  the  flame  of 
tbe  oil-lamp  as  in  that  of  a  Ui\)eT,  but  the  fourth,  scarcely  illumi- 
nating jiortion,  is  only  to  be  perceived  imjK'rfuctly  and  by  careful 
))bservation.  Only  two  of  the  parts  are  generally  em])Ioyed  in  blow- 
pipe assays;  the  slightly  illuminating  envelope  for  oxidation  and  the 
illuminating  portion  for  reduction.  With  the  blowjupo,  each  of 
tliese  parts  may  be  made  to  work  by  itself,  and  we  may  therefore  call 
the  slightly  illuminating  envelope  the  ou f er  or  o.n'(h'ziu//  ßame,  iiixd 
tbe  illuminating  [lart  the  inner  or  rct/jtrinrf  Jltune.  Cases  occur, 
liouTvrr,  where  the  slightly  luminous  flame  oxidizes  too  strongly 
and  tlu-  luminous  flame  reduces  too  strongly,  in  case  a  lively  flame  is 
needed.  Under  such  circumstances  the  blue  part  of  the  flame  is 
best  employed.  Tbe  manner  in  whicli  the  diflerent  pans  of  the 
flame  can  be  rendered  effective  with  the  blowpipe  will  be  particularly 
lescribed  in  the  following  pages. 
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1.   THE   OXIDIZIKa   TIaASOE* 

On  blowing  into  the  lamp  flame  from  one  of  its  narrow  sides  so 
that  the  jet  of  the  blowpipe  extends  about  to  the  tliird  jiart  of  the 
breadth  of  the  socket,  and  the  current  of  air,  almost  touching  the 
wick,  passes  directly  througli  the  middle,  a  long  lilue  flunie.  a  b,  \i- 
l)r()ducL-d,  wliich  is  really  the  same  as  a  Ä  in 
Fig.  11,  at  the  base  of  the  free  flame,  except 
tliat  it  appears  in  anotiier  form,  and  contains 
all  the  burning  gases  which  are  developed; 
it  here  forms  a  slender  eone,  while  there  it 
only  incloses  the  lower  part  of  the  flumi.'. 
The  hottest  point  is  in  front  of  the  tip  of  this  p.    ^^ 

flame,  wiiere  the  most  perfect,  combustion  of 

tlie  developed  gases  occurs.  This  hottest  portion  forms  an  envelope 
about  the  whole  of  the  free  flame,  but  here  it  is  rather  contracted  to 
a  point  in  front  of  the  blue  flame,  surrounding  the  point  of  the  latter 
with  a  cone  of  flame,  whicii  also  extends  to  some  length  from  a  to  c, 
and  has  a  pale-blue  color.  As  before'mentioned,  the  iiottest  point  is 
jnst  in  front  of  the  tip  of  the  lilue  flame  at  (/,  but  it  rapidly  decreases 
in  temperature  toward  c,  and  still  more  rapidly  toward  J.  When  a 
very  high  temperature  is  not  required,  the  oxidation  is  best  eifected 
by  heating  the  assay  as  far  from  tiie  point  of  the  blue  flame  as  will 
admit  of  producing  the  necessary  temperature. 

An  essential  condition  in  producing  a  pure  0.  F,  is  a  wick  free 
from  charred  threatls  and  hardened  particles,  and  cut  parallel  witb 
the  slanting  edge  of  the  socket,  since  otherwise  yellow  streaks  easily 
occur  in  the  blue  cone  of  flame,  which  are  rich  in  carboniferous 
particles,  and  have  a  reducing  effect  on  the  assay.  When  an  assay  is 
treated  on  coal  a  very  strong  blast  should  not  be  used,  or  else  a  part 
of  the  coal  will  be  burned  to  carbonic  oxide  gas,  which  counteracts 
the  oxidati(m. 

Molybdic  acid  affords  the  best  mRteriftl  for  practice  in  produi'inf;  a  pure  O.  F.,  as  it 
immi'<1iAtcly  g^res  a  brown  glass  with  borax  in  an  impure  O.  F.  A  moderate  atnoiirit 
of  it  is  dissolved  in  borax  on  a  platinum  wire  in  the  0.  F.,  at  three  to  four  milliin  dis- 
tance from  the  point  of  the  blue  flume,  and  yields  a  clear  yellow  glass,  colorU-n's  wlioii 
cool.  On  treating  this  f^^Iass  directly  with  the  tip  of  the  blue  flnme  for  a  short  time,  i: 
becomes  brown,  and  after  blowinf^  longer  qnite  opaque,  because  the  niolylKlic  ac-id  i- 
broaght  with  cxtniordinary  ease  to  a  lower  state  of  oxidation,  viz.,  binoxidc  of  mulyti- 
denam.     Even  a  yellow  streak  in  the  O.  F.  produces  a  brown  color  in  the  glass.     The 

*  Throughout  the  rest  of  this  work  the  oxidizing  flame  will  be  designated  by  thi 
letten  O.  F. 
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iDODrr  «  bor&x  hta4  i\uite  opaqoe  wiifa  bi'nostrfe  vf  motrbtlcaani  tmn  he  rendiiwl  dear 
«S^ftio.  to  mntli  ÜK  purer  ii  ttte  O.  V.  emplovcd,  pmrltlcd  ii  U  cffi^itr  enough-  To  be 
eettnin  th«t  ■  nnffiiientlr  Etrt«n»  0-  F.  can  be  prcMla«Nl  It  ti  oaljr  Dccusarr  to  trv  to  (oft 
Ütc  Kud  of  ft  plstinum  wirr,  0-1  nilltm-  thick  to  a  ;;lobule.  One  end  at  th«  win  »  bcni 
At  a  rij(;hl  stt>^e  nrid  bfflil  in  (be  O.  F.  with  il»  nxii  mrmpontling  (Xftctir  with  tbe  asU 
of  the  Biune  ftnil  4u  ibai  it  due«  nut  ribratv.  With  n  ])iirc  and  strong  Hbhic  a  gk>faul« 
wtU  toon  be  obacrrcd  ui  form  suddenly,  being  largrr  in  rite  the  tiron^r  the  fitmt 
Hiiptoje«!. 

2.   THE   REDUCING   FLAME.* 

On  Mowing  from  the  narrow  side  directly  into  the  middle  of 
the  ßiime.  8*1  that  the  blowpipe  tip  rciiches  rcrv  little  or  not  at  all 
^  ^  -^  into  it,  and  the  curi*ent  of  air.  Fig.  13,  pas^s 
ut  a  »tmewhat  gn-ator  distance  above  the  wick 
llmu  in  Fi;.'.  12,  the  whole  of  the  flame  assumes 
(he  same  direcrion  as  (he  stream  of  uir,  and 
apptars  aa  a  long  luminons  oonc,  a  h,  the  end 
of  which,  Oy  is  surrounded  by  the  same  pale 
bluish  flame  wliich  can  be  observed  with 
Bome  care  in  the  free  flame,  but  which  here  extends  to  c.  By  tbtia 
blowing  into  the  tiame.  the  gasei!  arising  from  the  wick  are  Immed, 
and  the  carbon,  separating  in  infinite  jmrtick«,  is  rendered  white  hot, 
and  then,  likewise  consnmi'd,  prodiicing,  in  common  with  the  vapor 
of  water  already  formed,  the  outer  flame,  which  is  plainly  visible  as 
far  as  (^  A  small  part  only  of  the  dark  cone  is  still  visible,  inimedi- 
ately  above  the  wick,  and  reaching  to  rf,  and  twtwei^n  a  iind  rf,  bnt 
somewhat  nearer  a,  is  the  most  active  part  of  the  flame.  If  this  is 
directed,  for  example,  upon  a  reducible  metallic  oxide,  «  as  to  com- 
pletely Burronnd  it  und  cut  off  the  access  of  air,  tbe  oxide  will,  owing 
to  the  tendency  of  the  free  carbon  in  the  flame  to  take  up  oxygen, 
either  be  entirely  or  partly  freed  from  its  oxygen,  accrirding  as  the 
oxide  ifl  easy  or  diflScnlt  to  reduce,  and  the  metal  hard  or  easy  to 
fhse,  or  according  as  the  reduction  h  eflected  on  coal  or  in  a  eolution 
in  glass  flnxca  on  platinum  wire. 

A  good  R.  F.  is  harder  to  produce  than  a  good  0.  F.,  and  especial 
care  ninst  be  taken  that  the  assay  be  bronglit  only  int«  thp  most 
active  part  of  the  flame,  ^iid  completely  envelojN'd  by  it,  while  the 
flame  must  be  kept  thus  unchanged  for  a  long  time. 

BInoxMe  of  mitnuRDese  and  tho  oxides  of  copper  and  nickel  will  serve  forprncHoe. 
Binoxlde  of  mAneanese  dissolved  in  a  borax  bead  on  platinnm  wirr,  in  the  O.  F.,  glTCS 
an  amethynt  nd  glau,  urwbDn  qmwI  in  exeeu  a  black  opa^iic  btad,  and  the  aoontt  | 
binoxidc  can  be  redaced  Co  protoxide,  and  the  brad  thcrt^ij  rcndcn.<d  almoüC  i 
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■o  ainch  tbe  murv  perfect  U  ihc  It.  F.  emptoj-ctl.  A  limlUr  bead  nuulc  with  oxide  of 
ropfier  or  Dick«l,  nnil  llivn  chaken  vff,  and  tirnlcd  od  coul  with  tbe  R.  F.,  will  »oun 
piUTc  whether  (he  t1iimf<  pro«)ucpi]  hn9  the  ri-^bl  efTt^K-t  or  not.  Both  of  thcM  oxides 
can  bv  rr<luc-'d  to  tht-  im'lnllic  it»te,  the  copper  tiniting  to  m  smnll  batlon,  while  tbe 
niirkvl  rom<^  to  the  üJrs  of  the  g\tw  in  a  «tatc  of  cohoüton.  The  iooncr  tho  gl*M  b^ 
cooin  cImu*  and  coiorlvu,  the  purer  and  more  powerful  it  the  R.  F. 

The  blue  flames  Fig.  Vi,  a  lit  in  coiieequeuce  uf  tbtt  curbonic  oxide 
irhich  it  ountaliia,  hii^  aUo  a  li-diioing  action,  ao  that  by  it  motAllic 
oxide«,  whicli  are  solnble  ia  gloss  fluxes  and  easily  reductbk*.  can  be 
brungbt  tu  a  lower  state  of  oxidation  even  on  platinam  wire,  but  it  is 
far  inrerior  tu  tbe  luminous  portion  in  it«  efTeots,  and  more  accurate 
results  are  tberefore  always  ublained  wit))  the  latter  in  cases  requir- 
ing  perfect  reduction. 

IV,  The  Support. 

In  treating  an  assay  with  the  blowpipe  flame,  it  must  be  supported 
on  a  botly  wliich,  during  the  heating  aud  fusion  of  tlie  nssny,  will 
neither  combine  with  it,  nor  cause  wrong  results  in  case  the  support 
'  is  combustible.  In  many  cases  the  assay  is  laid  directly  c»  such  a 
body,  but  in  many  others  this  occurs  indii^ctly,  and  the  support  is 
then-fore  t-ithiT  u  direct  or  an  indirect  one. 
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a.  "Die  Direct  SuppwL 

1,  Coal.  Well-burned  charcoal  is  especially  8»»ited  for  the  support. 
as  it  helps  to  increase  the  boat  when  necessary.  It  is  best  made  from 
mature  light  woods,  as  the  jtine  and  alder,  and  Lnt  into  para)telo))ip- 
edons.  eighty  to  one  hundred  mtllim.  lung,  and  into  E.^uare  prisma 
according  to  the  assays  for  which  they  are  inten'^ed.  Only  those 
aides  of  the  coal  which  show  the  edges  of  tho  annual  rings  arc  used. 
Good  charcoal  for  blowpipe  assays  cannot,  however,  be  found  erery- 
vhere,  aor  ia  it  always  possible  to  produce  sufficiently  Arm  coal  by 
ring  jit'ifettly  dry  wood  in  vessels,  and  it  ia  therefore  advaula- 
s,  particu1»rly  for  quantitative  assays,  to  make  coals  uf  the  requi- 
site shape  out  of  not  too  fine  coal  dost  with  some  binding  material. 
Starch-pasle,  which  Plattner  has  recommended  as  the  best  binding 
material,  is  prepared  from  one  part  by  weight  of  starch-meal  and  six 
parts  of  Water.  The  etarcU  is  stirred  to  a  thiu  paste  in  an  earthen 
Te«e1  with  a  little  of  the  weighed  or  measured  water,  and  the  rest  of 
tho  water  is  poared,  boiling  hot.,  upon  the  paste,  and  tlie  whole 
briskly  stirred  with  a  beater,  until  all  the  meal  is  converted  i^to 
piste.  To  prepare  blowpipe  coals,  this  paste  is  rubbed  in  a  porcelain 
mortar  with  sucocssire  additiois  of  charcoal  dugi,  until  tbe  moss  in 
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J.— .-.,*;.'!  til-  »I'-'.!.    ':  I'- 
""t.^  rr.  moul'l  i-i  f'"'-'  I-'- 


: »*:  :.r  issavs 

.  ;;.-.  ^--.::c■:■al5 
:L  ":.  ""..T  :i.  uM  to 

1     :  .•  I-«  '.«i:  ;he 

rv.  ■;-    -f  :^v:^:y    -i:;  -..    F:j.    U.     Alter 
i.  .1.  Fij.  •.*?.  ■».:':.    vn'.  ■.;.:>:.  i  »trip  cf  pajXT 

':.  :  M'  a:.'i  tivrr  r::"!n;.  wilr  '.i  '.n.ii  ..'Ter  :r. 

r'-i.Ti:'.  F:_-.  14.  which  )■.;-..?  V-vrr.  il^ii^eU  in 
:■:-•, r  f  tr.v  •^-  I  v  ;-o:::.j  ci.df  ^f  :::v  paper 
..fc:-'J  f;  ai  :■;  Ü.:"-:-i.i  !'.•■■ -m  :':iv  ni,-".lv:.  aiul  then 
.  ';:;■  in  a  iiivi-Ttit'-y  wann  \.\::\  :.*''•  r  which 
■'J  ..-.  fj-.-r-jr-.-  Tn-i;T:.-:. ',-<:.     F:^.  1^  shows  gnch 

■t  ■.-:■■.-  -A-l!  ii'liipT-il  f'T  dvO-.-mi'i/'sir.i:  com* 

•■'■■..  :i-  f  .r  'i"iaii:i'aiT:vi/  a.-i^yi.     Tlie  cruci- 

;.'  ■:■  ;i:""  r  U'-f.-r;;':;":.  i»  'iiii'li^yid  in  making 

■■■;'  '.-  ;■■  }il;.'--r'i  ij;.'  a  vv.i.il.  n  "V.--;  F'l:.  1*».  the 

■■.■;;•'.-■:<•  vi.ij  niüliin.  and  at  r  niiioniillini. 

■1  rill  ',<r  ilio  inuss.  which  ha?!  pre\ioiisly 

lij»I»':"l    in   cliarfcul  dust,  ana  the»  the 
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plug,  Fig.  Iß,  ifi  (lipped  in  coal  dust  aiMl  set  wyion  it,  so  tb:it 
"I  c  cornea  exiiotly  in  ihc  niiildlo  uf  u\e  miujs,  wliich  is  then 
pressed  together.  After  remoTiug  tlie  plug  hy  tnrntug  it 
gcnlly,  tlie  ninuld  is  takten  upurt  in  tlie  way  lu  be  (K'acribed 
in  milking cliiy  criicihlea,  and  after  cutting  ufl'  the  pmiiH-'t- 
ing  edges!  on  the  two  opposite  sides,  the  cutd 
is  so  far  ready  that  it  ri^quires  ouly  to  be 
dried  and  ignited  in  a  closed  vessel  The 
coal  crucible  in  tlie  natiirul  gise  is  shown  in 
Fig.  17.  'fhe  depth  of  thi;  cavity  in  such  a 
"*■'•  crncible  need  only  be  six  niillim.,  iind  wlicn  ^=  '• 
&  deeper  hole  is  necessary  ft>r  any  quantitative  assay  it  can  be  bored 
oat  ond  widened  as  re'|uir«l,  with  the  help  of  the  coal  borer  to  bo 
doflcribed  hereafter.  In  order  to  faoiUtate  the  handling  «f  tlkesi." 
coals,  cttpf'utes.  and  crucibles,  a  cylinder,  Fig.  18.  is  used  as  a  sutiport 
for  them,  which  is  sixty  to  sijttyfive  millinh  high  and  tweijty-fivü 
milliin.  in  diameter,  being  made  uf  any  mass  which  is  easily  worked, 
fusible  with  difficulty  or  not  at  all.  and  is  a  poor  coiiductor  of  heal. 
It  is  provided  at  each  end,  J,  //.with  eavilies  corres[Nmding  to  the 
size  of  the  coat  to  l)e  supported.  Pnmice-stone  or  porous  burnt  fire- 
clay are  snitnhle  materials.  To  prejtare  a  cylinder  from  ^ 
rtrc-clay  the  dry  powdered  clay  is  well  mixed  with  an 
cqnal  volume  of  coarsely- beaten  charcoal  and  then  made 
plastic  with  water.  The  cylinders  formed  from  Ihi»»,  either 
b\'  hand  or  with  the  aid  of  a  special  mould,  are  allowed 
to  dry  thoroughly  and  then  ignited  iu  a  loosely  covered 
crucible  among  coals. 

In  quantitative  blowpipe  assays  when  roasting  ores  iu 
clay  C!i]>sules,  and  when  fusing  load,  bismuth,  tin,  and 
many  nickel  and  cobalt  assays  iu  clay  crucibles,  a  hollow  rix  ». 
cxml  is  reqnired,  which  is  secured  in  an  especial  eoal-hold*^r,  and  the 
cavity  of  which  must  be  covm'd  with  some  uuitable  otml,  also  hoU 
lowed  out,  when  a  fusion  is  lobe  performed.  For  these  coals  a  mould 
of  hard  w^od  can  be  used,  constructed  as  follows:  the  main  part  of 
the  mould,  C.  Fig.  19,  consists  of  four  pitoes  which  lit  eacli  other 
exactly  and  are  held  together  by  a  brass  ring,  which  can  U'  dmwn 
more  or  less  tight  by  the  screw  j^.  These  four  pieces  surround  a 
prismatic  spaw  forty  millim»high  and  ihirty-five  millim.  sqnare.  A 
and  //  are  stumps,  the  rims  of  which, «  ö  und  c  d,  have  a  diameter 
just  equal  to  the  distance  between  two  of  the  strong  brass  pins 
&stened  opposite  one  another  vertically  iu  the  four  pieces  of  the 
mould  Cj  and  which  serve  to  bring  the  stamps  A  and  B  exactly  in 
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the   middle  of  C.    The  projecting  portion.,  e,  of  the  stamp  A   is 
eighteen  millim.  long  and  has  a  diameter  of  twenty-two  millim.  nfc 

the  top;  the  part,/, 
attached  to  ^  at  e  d, 
forms  H  segment  of  a 
sphere  which  has  a 
breadth  of  twenty- 
two  millim.  at  its 
junction  with  the 
rira^  and  is  nine  mil- 
lim. thick.  Z>  is  a 
prism  fitting  exactly 
into  C,  and  serving 
as  a  bottom  in  mak- 
ing coals  for  roast- 
ing  and  fnsions.  E 
is  a  prism  seventeen 
millim.  high,  which 
is  laid  upon  D  when 
only  coal  covers  are  to  be  made,  and  hence  also  serves  as  a  bottom. 
When  coals  are  to  be  made  in  this  mould  a  piece  of  paper  corre- 
spondin;;^  to  the  size  of  the  mould  is  laid  on  the  bottom  prism,  the 
side  surfaces  are  rubbed  with  a  little  coal  dust,  the  empty  space 
pressed  full  of  the  coal  moss,  and  the  requisite  stamp,  the  moulding 
part  of  which  has  likewise  been  dipped  in  coal  dust,  is  pressed  firmly 
into  it,  turning  the  stamp  a  little  at  the  same  time  on  its  axis  and 
then  drawing  it  carefully  out.  By  loosening  the  ring  and  removing 
it  from  the  mould  the  separate  pieces  can  be  easily  taken  away  by 
sliding  each  one  downward  from  the  moulded  coal,  which  is  then 
ready  for  dr\'iug  and  charring  the  binding  material.  Such  coals 
must  be  dried  with  care,  as  they  are  liable  to  crack  if  put  immediately 
in  a  very  warm  pluce.  i^is  a  coal  as  it  is  used,  when  secured  in  the 
coal-hokler,  for  roasting  in  clay  capsules  and  fusions  in  clay  cruci- 
bles, and  ff  is  a  coal  which  serves  to  cover  the  cavity  in  the  former 
cdiil  during  fusions.  Both  coals  arc  bored  through  shortly  before 
n.se,  the  former  on  the  side,  the  latter  in  the  middle  of  the  hollow, 
as  will  be  described  in  the  proper  place:  the  cavity  in  /'can  also  be 
made  deeper  and  wider  with  a  coal-borer,  as  required. 

When  there  is  a  total  lack  of  charcoal  suitable  for  qualitative  as- 
says, in  which  long  pieces  in  the  shape  of  a  parallel opipcdon  are  gen- 
erally needed,  they  can  also  be  made  in  the  above  manner,  by  means 
of  the  mould  shown  in  Fig.  20.    In  this  case,  however,  if  the  coal 
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dnst  on  burning  leaves  n  considerable  amount  or  nsh,  it  uinst  finit 
be  pttritifii  by  digesting  it  in  aqtiu  ropa  und  tlic-u  uiisliiug  it  noil 
with  hot  wutiT.  The  coulfl,  about  eit>hty  millim.  long,  (wenty  mil' 
Ulli.  wide,  and  fVum  k-ii  tu  twenty  müliin. 
thick,  arc  made  in  the  folluwing  way:  tbe 
muiti  part,  A.  nf  the  uinuld.  which  cousista 
of  lour  jtiecfs,  a  A  c  <i,  lu'ld  together  by  a 
braas  band,  £,  and  surrounding  a  apace 
eighty  millini.  long,  twvuty-oiie  niillim. 
widt',  and  tliirty  millini.  high,  is  plu<vd 
n|)on  a  ßrm,  even  support,  and  a  piece  of 
wood  five  milliin.  thick.  Oji'ivspuiiding  iu 
length  and  width  to  the  inside  of  the  mould,  l^*i> 

iä  laid  in  it  for  a  bottom.  This  bottom  ii  covered  with  a  piece  of 
pttp<T  of  the  game  eiro,  the  empty  space  filled  with  as  much  of  ihe 
colli  miiss  a«  is  nei'dnl  to  make  a  tuml  of  »  given  thitikncss,  and  on 
thia  ia  placed  anolhrr  pitce  of  p:tper,  the  size  of  the  Itr^t,  and  fiimlly 
the  moulding  luirt,  £,  having  a  section  twonty-otie  millim.  square,  in 
inserted  and  i he  mass  prcMcd  together.  This  done,  the  screw,/,  '\* 
turned  enough  to  loosen  the  bniss  band,  when  the  four  piemH,  <t  h  r  il, 
are  dmwn  ont  separately  and  the  coal,  after  Wing  freed  from  tlu*  jid- 
hi'riiig  papers,  U  ready  to  be  dried  and  charred.  By  holding  the 
mould  in  both  hand?«  and  prf?i«.in;f  down  the  pit-ce  H  with  the  Ihumf's 
tile  moulded  coal  may  be  removed  wilhout  taking  the  mould  aparr, 
but  its  int-erior  anrfares  maat  be  wiped  ofl'  every  time  b«fori*  moulding 
a  newcnul,  lest  particleä  of  the  wvm?.  »honld  adhere  tu  thvin.  and  the 
easv  frt'paration  is  promotwl  by  ruhbiug  Uk-  sides  uf  A  wilb  a  litdft 
coal  dnst  The  biuding  material  of  these  coals  mnst  likewise  l»c 
charred  when  they  are  perfectly  dried.  The*^  lung  coals,  as  well  as 
cnt  pieced  of  charcoal,  aller  being  used,  are  best  oleansefl  from  thr 
coats,  eta,  which  may  be  on  them,  and  pre|»ured  fur  further  a«,  by 
means  of  a  file  or  rusp. 

a.  PUtinum  in  the  shape  of  wire,  fuil,  and  spoon»,— The  bcstpliit- 
inum  wire  for  qualitative  uru  is  about  (t.-l  millim.  thick,  and  is  cut 
into  pieces  about  forty-tive  milliin.  lung,  with  a  luop  at  one  end.  Fig. 
21,  A.  This  fwnres  as  a  support  for  borax  and  salt  of  phosphoru.t 
brodä.  which  can  thus  be  very  conveniently  examined,  and  are  quite 
free  from  the  false  play  of  colors  that  uri'-n  apfiuars  on  coal,  through 
tbe  (losition  of  tho  bead  on  tbe  black  support.  In  ejcamining 
metallic  alloys,  however,  and  iu  reduction  assays  where  easily  fusible 
roetak  separate,  platinum  wire  cannot  be  used,  but  eoal  must  alVnya 
be  usmI  a«  a  supi^ort.     When  in  use  thu  wire  is  either  fixed  in  a  soft 
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cork  or  »ecnrvd  in  an  especial  huMer.  Fig.  t\,  B,  «hidi  abo  bot«! 
na  tt  ca«e  for  several  vin^    To  pnrireot  injunr  to  tii«  «iir«  frum 
(he  scrbw,  holders  are  aäed  m  which  the  vin;  is  inierted  into  ih*\ 
middle  of  ivo  slit«  croaeiiig  each  other  at  right 

^  angles;  the  latter  arv  then   ^nt  tight  br  a 

I  wiiiob  i^  tbrnst  over  them  and  amo;^  to  bckw  up 
and  thns  hold  the  «ire.  Is  Fig.  ii.  tlie 
upper  part  of  Bocb  a  holder,  irith  the  band, 
a,  h  represented  iu  the  niaural  sise.  The 
\<>v\t  I»  mo8t  roitdil;  cleaoged  frotn  adberin^ 
KiilMttinei.*  br  wiirmiDg  it  in  a  t«st  tobe  with 
dilute  hyJnx'hloric  acid,  and  then  rin.-^iüL- 
it  with  distilled  water.  Bfcides  sevenal  c  n- 
der  wireu  there  may  be  another,  Ü.6  millim. 
tliick,  and  likewise  bent  to  a  luop  at  one 
eiidf  Fig.  31,  Cy  which  ie  of  advantage  iu  testing  for  tautalic  and 
tUDgdtic  acids,  etc.,  where  the  sabstance  mnst  be  fnsed  with  alkatin« 
carbonates.  It  is  cither  held  with  the  fioger»  or  fastened  in  a  muillj 
C4)rk. 

The  naeof  plutiuum  foil  in  qualitative  eiamiuatiims  is  vt-ry  limited. 
The  ihiu  rolled  foil  is  cnt  into  strips  about  sixty  miUim.  luug  and 
fiPtj'en  millim.  wideband  when  iu  ose  the  freuend  is  either  held  in  tbo 
forct-ps  or  tliruab  into  theei^d  of  a  long  piece  of  charcoal,  between  the 
yearly  rings.  Metallic  substances  in  the  reguliiie  state,  or  sach  ae  are 
«wily  reduced  and  fused  daring  the  blast,  mn^t  not  be  treated  on 
.platinum  foil,  since  they  combine  with  it  and  render  the  correspond* 
it)g  0])Ot  iiAelues.  The  foil  ie  gcnerully  used  to  fase  gnhstanoes  con- 
tainiug  manganese  with  carbonate  of  soda,  which  becomes  blaish- 
gToen  on  cooling,  from  the  presence  of  maugauate  of  soda^  and  thns 
itic  presence  »f  manganese  is  indicated. 

A  platinum  ispoon  is  necessary  for  many  assays,  and  it  is,  in  fact, 

^ advantageous  to  have  two,  one  about  fifteen 

^C^^^  millim.  in  diameter.  Fig.  33,  and  a  smaller 

one,  Fig.  34,  about  nine  millim.  in  diameter, 

^    M  On  using  the  larger  spoon,  the  handle,  which , 

must  also  be  of  platinum,  is  inserted  into 

small  wooden  holder,  or  into  a  piece  of  corkj 

ig^i_  the  smaller  spoon  is  held  fdst  by  the  hand 

with  the  forceps.    The  larger  spoon  18 
\^   ^  for  fusing  certain  snbstaiices  with  bisulphate* 

Fi«.  M-  of  potassa,  forheatiug  the  gold  obtained  from 

a  quantitative  assay,  and  for  other  purposes ;  the  smaller  one,  on 
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"nUuTwReff  only  fur  the  fusion  of  oerlain  substances  with 
3t{K.*tiv.  If  it  hap|H'n?,  aftor  »  foäiou  wir)i  ^Itpetre.  that  the  spoon 
iloec  not  become  dean  by  disKiflringftbe  fDited  mtus  in  water,  ou  &c- 
nonot  ofuuherent  purtiolcs  of  nictullic  oxideti,  it  is  unly  necessary  to 
molt  a  little  bisulphateof  pnta^sa  in  tt  over  the  spirit-lump,  »nil  thun 
to  rieange  it  with  wuter. 

A  tliifi  plarinum  «IipIi,  xUiut  ihirtr  milliin.  in  iliumrti>r,  anrt  tea  luilÜin.  dpcp,  Wif 

nntiip'^  for  iluconipu^ing  muii*  cuiuMiiittiuas  uf  fluuniic  liv  fulpliurk:  acwl.  af  wvll 
It»  im  i^jTiilinjr  fillfr».  ihi-  |rtwi['iutc»  on  which  are  lu  t«  wdyhcd  or  funlirr  examine«]. 
A  tliin  fliix«  of  (liajioum  l(Mt  ii  uKd  locovtr  ibe  liUh  rourcorlcM  daring  ignition 
wben  rT<{uiiT4. 

3.  GhsM  tubes  and  matrasjte*. — Fur  recogtiizing  in  mineraU.  ore«, 
and  pri>duccg.  «ulH^uucefl  which  lK?cuiue  vtilntile  at  a  high  temper- 
ature by  aecess  of  uir.  luhes  rtvouuii ended  by  Rerzelius,  are  used, 
rrum  une  hundrt-d  and  twenty  to  twoJiuudrfd  miiIini.long  and  about 
«it  millim.  in  diumrtcr,  which  «re  open  at  both  etidsL*  The  assay 
is  plw!*Ml  near  une  end,  which  Is  then  incUned  downward,  while  the 
other  etid  u  warmed  over  a  äpirit-lamp,  so  as  to  create  a  draught 
Uinmgh  the  tube,  and  then  the  spot  where  the  utfsay  lies  is  txi  be 
heati'd.  When  Iml  little  heat  iu  required  fnr  driving  off  the  volatile 
substances,  or  those  wbieb  U'Cume  vulatile,  the  tr^re  tlauie  of  the 
flplnVIamp  is  used;  but  if  otherwise  the  blowpipe  flame  must  be 
empluvfd.  The  tube  is  iuolined  mortf  ur  h-waceui-ding  to  the  sti\*n|;lh 
of  the  draught  desired.  TUf  vulatile  i<ulistjuice«  formed  during  ilie 
roaiitiug  either  paSü  oil'  aa  gase«,  or  anr  «nblimrd  npun  the  interior 
of  the  tube,  and  can  ihu«  \>v 
easily  rei.*ognizi*d.  A  small  sup- 
ply uf  tbfse  tubes  is  to  be  ki-pl, 

and  when  uue  bos  been  cm-  -  ir,^  «^ 

plonid  it  is  broken  off  by  filing«  notch  abuve  the  siMJt 
used  and  tht'O  cleansed  and  kept  for  unothc-r  assay. 
When  it  anally  becomes  too  short,  oueeiid  is  closed  by 
melting,  and  it  will  still  serve  for  a  sublimation  test 
To  pruvt-nt  the  assay  from  fnllingout  of  the  ineliufd 
tube  Ix-fore  it  adbrrts  to  the  glass,  Rt-rzelius  reo*)m- 
mends  Iwnding  one  end  of  the  tube  at  an  obtuse  angle. 
Fig.  25.  The  iL-«ay  is  then  htid  ill  the  angle  a,  and 
the  tube  inclined  as  retpiin-d. 

A  matrass  is  a  tube  closed  belotr  and  blown  into  a 
bulb,  Fig.  2(J,  .4,  and  is  sixty  to  seventy  miUim.  high.        «»•*»■ 


*  These  will  ImvalW  be  liutj^ated  m  «poa  tiAet. 
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It  i«  used  for  ascertain  inj;  th^;  prrsernct  of  water  *jt  any  volatile  bwly 
in  a  fcubstaDce,  or  in  case  a  aub-tar.o;  Thicb  dwrepi-jiea  strongly  is 
liiider  treatm^mt  and  is  to  \k  faltiger  eiamined-  The  matmsfi  is 
U'-nuA  over  a  spirit-lamp,  and  when  m^-rd  Cjt  auoifier  as&iT  must  be 
r:l*.-an.v-d  with  dilute  acid  or  wairrr  and  lii.^r^ughlT  dried,  which  ia 
arromplislied  very  einiply  and  rapidly  by  wanning  it  well  over  the 
»H^it'larnp  and  eucking  out  chv  water  in  ilitr  form  of  vapor  through 
a  blender  glass  t^^x•  that  rcuciies  into  tije  bulu  uf  the  marraeä.  Frcäh 
air  tliuä  ent^rd,  and  by  continued  sucii'jn  removes  every  trac«  of 
Witter  in  the  form  of  vajKjr. 

When  f;*jrabu»tible  iKxIies,  like  sulphur,  arsenic,  etc.  are  to  be  sub- 
linie<i  from  a  mineral,  ore,  nr  product,  u  ghas  tuW,  Fig.  26,  Z?,  five  to 
aix  rniltim,  wide  and  seventy  to  eighty  miUim.  long,  is  used,  which  is 
iwAuid  together  at  one  end,  but  is  not  enlarged,  so  thai  neither  com- 
bii.-itiou  nor  partial  oxidation  of  the  combustible  bodies  can  take 
\>\iifj:,  an  would  be  caused  by  a  slight  current  of  air.*  A  small 
(lUjiply  of  inatnwses  and  closed  tubes  should  also  be  kept  on  hand. 

4.  CupHulen  and  crucihhs  of  fin-clay. — The  capsules  are  used  for 
roa-ting  minerals,  ores,  and  metallurgical  products,  which  are  to  be 
(piantiuitively  examined  for  the  metal  in  them,  as  well  as  for  roasting 
ftiibnliitices  couBisting  of  a  mixture  of  earthy  parts  with  metallic  arsen- 
id'-rt  and  ."-uiithides,  which  are  to  be  examiued  only  qualitatively  for  the 
earth--  or  metal^i,  as  for  example,  ores  dressed  on  a  large  scale.  These 
caj^iiile^  are  made  in  the  following  way :  First  a  stiff  paste  is  made  of 
elutriatrd  fire-clay.  Then  the  moulding  surfaces  of 
the  boxwood  mould.  Fig.  27,  A  B,  of  which  A  hafl  a 
width  of  äO.ö  millim.,  above,  and  a  depth  of  7  mil- 
lim.,  while  li  is  constructed  on  a  radius  0.8  millim. 
Hiiialler,  are  ru})bed  with  oil  uud  a  strip  of  thin  pa- 
jH-r,  fifty  niiilini.  long  and  five  millim.  wide,  is  laid 
over  the  cavity  of  the  mould.  A  ball  of  the  soft 
clay  muss,  about  twelve  millim.  in  diameter,  is  then 
placed  on  the  middle  of  the  jfapcr  and  jiressed  firmly 
into  the  cavity  with  the  fingers,  and  after  plac- 
ing A  on  Vk  firm  level  support  and  holding  it  with 
otin  hand,  the  convex  part,  B,  is  i>ressed  with  the 
other  hand  in  a  vertical  position  directly  into  the 
middle  of  tht!  (;luya«  far  an  necessary,  being  turned  a  quarter  of  arevo 
Itition  (»n  its  axis,  Hy  this  nn-ans  the  superfluous  clay  is  pressed  out 
it    the  Hide,  and  B  can  be  eiiHily  drawn  out  by  turning  it  carefully. 


Buch  tubed  will  hereafter  be  designated  as  dated  tubes. 
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nnch  of  the  claj^  H-hich  lias  been  forced  out  is  cut  ülT  as  is  uoccs- 
«ary,  anil  then  the  edge  of  the  cjipsule  is  exiiniiucd,  to  see  wlietber 
it  is  ftutBcitntljr  thin  ull  aruunJ,  or  whether  one  eido  is  thicker 
thun  Ihc  other.  Fig.  28  shows  a  scctiuii  of  such  a  cuintule,  in  the 
ntiiumi  size,  which  must  be  only  0.S  mülim.  thick 
ber<>r>j  it  i8  burued.  If  it  is  too  thick  ou  one  side, 
ß  miiät  be  at,MÜa  jirejjsed  iau>  it,  nitlier  more  ou 
tlie  thick  side,  or  exactly  in  the  middle  if  it  is  too  ^k-  "^ 
thick  all  around.  After  carefully  withdrawing  the  ctuivex  piece, 
Jif  j.nd  cutting  uwuy  the  ^upertlnous  cluy^  one  end  of  the  paper 
strip  is  tJtkeu  in  oue  hand  and  the  other  end  lu  the  other  baud, 
and  the  tuiisule  cautiously  lifted  from  the  mould.  When,  through 
waut  uf  pruL'tiee,  the  capsules  become  disturbed  ig  »vuioviug  thtm 
from  the  mould,  they  cau  be  restored  to  shape  by  pressiug  them 
separately  witli  tlie  lingers  against  the  convex  piece,  Ä,  on  ull  side«, 
beluro  they  iiave  become  dry  in  the  air.  During  this  operation 
the  paper  stnps  t>e]>arate  of  themselveji,  and  the  basius  arc  set  aside 
to  dry  in  a  warm  place,  after  which  they  are  put  in  a  vessel  of 
baked  clay,  which  is  set  uncovered  iu  a  [wtterij  baking  furnace,  or 
ill  fiunic  other  fire,  where  they  eau  ha  bruught  to  a  red  heat,  as  iu 
au  assay  muült-,  which  has  juai  bee»  tired  up,  or  iu  a  simple  coal  lire, 
Th^-y  may  also  be  baked  iu  a  platinum  cniciblo  aver  a  spirit-lamp 
witi)  a  double  draught,  or  a  gos-Iuinp.  These  basius  shrink  a  little 
IU  taking,  but  remaiu  ju^t  the  size  rftpiired. 

The  crucibles  are  used  for  quantitative  assays.  They  are  formed 
in  a  brass  mould,  consisting  of  u  plug  and  a  box,  the  latter  being 
comjxjsed  of  two  jarta  held  firmly  by  n  ring. 
Fig.  29  represents  this  instrument,  and  Fig.  30 

1  prepared  clay  cruciMe.     A  is  the  jflug,  with 

»ur  conical  opt-uiugs  at  a  to  let  out  the  excess 
of  clay  put  into  the  mould.  The  moulding 
part  has  a  diameter  of  nineteen  millira  above, 
and  is  f-iurt«eu  millim.  long;  ß  is  the  box, 
consisting  of  two  halves,  fitting  exa«:tly  to- 
gether and  forming  u  blunt  cone.  At  /r,  on 
the  inner  side  of  each  half,  which  is  about  0.6 
millim.  from  the  plug  all  arcmud,  the  corners 
«re  »uniewliat  blunt,  so  that  slight  cavities 
are  furmed  in  the  box  at  two  opposite  points, 
and  when  moulding  crucible«  these  bccwme 
ßlM  with  clay,  thuü  preventing  the  crucible  from  turning  when 
the  ping  is  turned,    C  is  the  binding  ring  into  which  the  box  ia 


n«.  w. 
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slipped,  go  that  it  can  be  caä\y  lifted  ont,  and  the  lower  surHioG  of  ttu 
boT  and  ring  are  m  the  same  plant;. 

To  mould  ft  cniciifl-,  smalt  biilU  are  formed  with  the  fingers  from 
a  stilf  paste  of  water  and  L>lutnated  fire-eluy,  each  coDtaiuJDg  tuiher 
more  thuu  is  needed  for  a  crucible,  aod  ihfj  are  then  allowetl  to  dry 
in  the  open  air,  unt.il  Ihey  can  only  he  pressed  betwceji  the  lingers 
with  diOiciill}*.  The  moulding  surface  of  the  box  aud  ping,  and 
those  faces  which  are  to  lie  upon  one  another,  are  then  rubbed  with  a 
very  liulc  oil,  and  tlie  mould»  with  the  ring,  is  placed  upon  the  anvil, 
which  Tvsts  upon  some  eluetic  eupfwrt,  such  as  a  wool* 
Ico  cloth  foUle<l  several  times.  The  clay  ball  is  then 
put  into  the  box  and  ttic  plug  driven  in  so  far.  in 
a  vertical  poeition,  witti  a  wooden  mallet  that  ih« 
pft>jecting  rim,  c,  rests  upon  the  edge,  fl,  of  the  box. 
The  plug  is  then  lifted  out  by  turning  it,  «hich  alao  removes  the 
Bnp4>riluou6  clay;  the  box  is  pre6S4>d  tint  of  the  ring  from  lielow,  aad 
while  one  half  is  held  l)etwecn  ttie  fiiigtTä  of  one  hand  and  the  oiber 
with  the  other  hand,  the  halves  are  eejHirated  in  suco^'ssion  from 
the  moulded  crucilili-.  This  is  bpst  dont'  by  sliding  one  half  down  a 
little  lou8t.-ued  on  the  other  half  bu  ^^  to  loosen  titc  crucible,  aud  then 
the  first  half  is  j>ressed  gently  aguiust  it  while  the  othtT  half  ü 
iu  the  funic  nmuncr  and  entirely  detached,  when  the  crucible  can 
be  removed  iu  u  perfect  state  I'rom  the  first  halt  The  crucibles, 
after  being  freed  with  a  sharp  knife  from  the  two  projecting  bits  of 
clay,  tux'sct  aside  to  dry.  either  at  lirst  in  the  fresh  air,  or  el«' directly 
iu  H  warm  plaoe,  aud  are  then  baked  in  the  sume  way  as  the  cla^* 
capsules. 

No  time  should  be  f^rvd  in  mHkinf>  clny  cajisnlc«,  sincQ  itie  on  eSMOtlAl  contliHon 
tlwl  tlurr  hIiuuIiI  Ik;  <{aiir  thin,  ami  ihvclar  mu»i  not  \k  nurkiil  up  too  hard  or  tuo  toft* 
If  toil  liiinl  ilic  capsule  i*  moiiUli'tl  witli  ilifliciilty,  it  tin»  sufi  it  ciin  iwldüin  he  liflwl  from 
the  tiiould  witbuut  Hairinjj.  TIk^  cmiMsti-nn:  pn>]>cr  fur  thv  clnr  muM  is,  howtvcr,  rriy 
toon  tcArneU.  Wtiuii  tlie  moald  i*  new  t\in  oil  nibliod  vn  tlu*  «nrfiu'r«  t£vrii*nilb'  tHiiik* 
ioiu  it,  and  the^  idoiiIiImI  Itji^iik  cnnnoc  he  tnki>n  out  irirhoiii  hmnn^il,  tiiiiJ  it  if  wdl 
wticn  naing  a  new  nionM  to  riili  it  scvcr&l  tin»-»  witli  oil  ant]  let  it  tvnk  iii  IhorooKlilr. 
A  tnuitt  liki-mfir  \te.  niSbtnl  wiiH  Ima  oil  thtin  fi,  »mx  oitierwiw  the  liK.'jin  mar  emUlr 
adliL-rc  to  D,  and  be  lirii-tl  out  with  it. 

5.  Bofie-ftsh. —  It  is  used  to  make  small  cupels  upon  which  aurifer- 
ous and  argentifurous  lead  obtained  from  blowpijw  assays  is  cupelled. 
Two  grades  are  u.**ed,  the  tii/lcd&i\A  the  elutriatrd  bone-asli- 

Hones  of  quudru|>L'ds  are  thomnghly  calriiied,  the  pcrfi'clly  whit 
portiotis,  free  from  eualy  jiurts.  are  si.^lectfd,  broken  up  and  stumf 
in  a  mortar  until  the  ptiwder  will  go  through  a  tine  hair  sieve.  Tbii 
yields  the  sifted  bone-ash.     A  ]>ortion  of  the  sifted  bone-ash  is  pat 
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pnto  a  large  beaker  glaes,  which  ia  thcu  nearly  Riled  vith  pare  water, 

Liid  the  whole  etirrcHl  with  a  gla^s  rod  and  afUTwurd  allowed  to  etaud 

la  moment.     During  Uns  time  the  eoai'^e  {.nirticloä  settle,  while  the 

Pfiuer  lines  renmtri  fur  the  most  piirt  auapiiidi-d  iu  the  cloudy  water, 

which  U  then  carefully  decanted  into  another  beaker  and  allowed  to 

remain  quiet  until   the  fine  purtieles  liave  settled,  when  the  mo6t  of 

lie  water  is  pourwl  off.     As  some  line  particles  settle  with  the  coaree 

tht  ehitriation  should  be  rc]x>at«d  until  the  water  is  only  slightly 

Icluady.    Tbel5iic  elutriated  bone-ash  is  then  bronght  npon  a  filter, 

lau  that  mu£t  uf  tbe  water  fluW5  off,  iind  is  then  dried  aiitl  lieuted  to 

Irediieafl.     Both  sorra  reailily  absorb  moisture  and  must  be  kept  in 

^1as8-«to]iped  bottles.     The  coarse  jxiwder  remuiniug  from  ihe  ehitria- 

Itton  bin  In;  u^ia  pulverized  und  elutriated.     The  miinner  uf  making 

|lhe  cupels  will  be  given  iu  the  description  of  the  cupel  moulds,  under 

istrument«. 

h.  The  bidirect  Supports. 

1.   Soda-paper. — In  the  quuntitativedetermination  of  several  metals 

the  Weighed  and  prepared  assay  must  be  wrapped  iu  something  which 

rilbstands  the  first  action  of  the  blowpipe  flame,  so  as  to  prevent  the 

tides  of  ore  fmm  hein^  Uluwn  away.     Harkort*  found  fine  letter- 

iper,  soaked  in  a  solution  of  carbonate  of  soda  and  dried,  to  be  most 

Buiuihle.  and  this  piper  may  be  UAod  with  advantage  for  WTupping  up 

i>ulky  charges  iu  (pialitative  aniii_vs<>s  iilsn;  Imt  since  letter-puper  fre- 

}ni.*utl)  ouniaiui  foreign  subätaucvt>,  sueliuä  oxide  of  cobalt,  tiue  laHeX' 

paper  should  then  be  substitnted  for  it.    Thin  stnps  of  both  sorts 

of  [ui[ker  are  dniwu  through  a  sululiou  of  half  an  ounce  of  erystulhV.ed 

(carixinutc  of  fK>du,  free  from  siilphut-o,   iu  an  ounce  of  pure  water, 

which  is  put  in  a  shallow  vessel,  such  as  aimrceluin  dish.     The  ^U\^ 

■  are  dried  slowly  in  the  air»  or  iu  a  moderattdy  warm  jiluce,  and  are 

[then  cut  into  pieces  thirty-five  millini.  long  and  twrnty-rt\c  millim. 

l-vide,  and  kept  fur  use.    When  used  they  are  made  into  small  cyliu- 

iers,  as  will  be  descril>ed  hereafter. 

2^  A  mixture  0/  xeivn  parts  rharcoal  and  one  part  ßre-day. — It  is 
used  to  line  the  ^mall  clay  rrnfihlcs  in  quantitjiiive 
tin  and  lend  assays,  and  i^  maik-  thus :  Seven  parts  of 
rery  fine  dry  charcoal  [jowder  and  one  part  of  elutri- 
ited  firf-clay  are  wi^igln-d  out,  the  lattrr  is  thomnghly 
lisrti  with  water  in  a  shallow  dish,  and  the  coal  dust 
then  ])ot]red  in  and  kneaded  with  the  clay  water 
I  a  paste,  which  is  allowed  to  dry  in  a  warm  place,  and  arteruiinl 
nibbed  to  jKiwder  again,  in  which  state  it  is  kejil  for  use.     To  line  a 

•    Pnbirkmat  mit  dtm  Lahvlm,  Fnaberg,    I8S7,  vol.  i.  p.  34. 
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olay  crucible  with  this  mixture,  a  small  quantity  is  made  into  a  i>a£te 
with  water  in  a  small  purcelain  dish»  and  part  of  it  rubbed  Inside  of 
the  crucible,  so  as  to  lie  about  thr..-e  milUm.  thick  at  the  buttom  and 
thinner  on  the  sides,  espocially  alwut  the  etlgfc,  as  is  seen  in  Fig.  31. 
While  part  of  the  water  soaks  immediately  into  the  baked  crucible 
another  portion  rtrmains  iu  the  i>aste,  which  is  still  so  soft  that  it  may 
1)6  rubljtd  smotjtti  on  all  parts,  with  the  dry  plug  of  the  crucible 
mould.  Fig,  21»,  A.  The  lined  crucible  is  then  thoroughly  dried  over 
the  free  lamp  flame. 

V.  Instr2i7?tenU',  small  Vessels,  and  other  Objects 
used  bi  Blowpipe  Analyses* 

1.  A  deiirafe  balance. — For  quantitative  assays  this  must  be  ca- 
pable of  indicating  with  i)recision  an  additional  0.1  milligr.  when 
loaded  with  two  decigr.,  and  should  be  so  made  that  it  can  be  easily 
Bet  up  and  taken  apart.     Fig.  32  is  a  perspective  view  of  such  a  bal- 


*  Fijt-  at. 

iiici-,  as  constructed  by  A.  Liiigke,  for  blowpipe  assays.  The  beam, 
which  is  one  hundred  and  eighty  millim.  long,  moves  on  carnelian 
plates,  and  all  of  tln^  brass  work  is  gilded.     1'he  tongue  from  a  to  i 

•  Bldwplp*    iuttinment»  arc  m  cumlcly  mule  by  Geo.  Walk  &  Cu.  btevtiia'  Institute,  Hobo. 
kvu.  N.  J. 
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one  himtlit'd  milliiii.  luii^',  and  llie  foi*dH,  iiicludiug  ibtj  bwks,  one 
Lbuuiln'd  und  forty  millini.     The  soulc-puiiä  attached  uj  Llic  curds  uro 
jlhirtj-tbref  millim.  iu  diuoieter,  and  very  sUghily  ooueavev  and  on 
iracb  or  tbem  shiudti  a  aniall  f^ili  }»iu  lifteeti  millim.  widu  and  fuur 
[inillim.  dofji,  to  nctive  llu'  ubjocts  to  Im;  «üightd  sind  tbc  weight«. 
^The  two  largt'rpiknä,(/|i7,eitch  twenty  millim.  in  diumeter.  are  its^d  fur 
Iwt'igbin^  bulky  snbatuiicoa.    Th**  bulunci?  is  set  up  nn  a  low  btiv,  in- 
Bide  uf  which  it  cun  Ih*  packctl.  tiJgetbfr  with  otb«;r  iu.itrumeuta.  wheu 
jlakc-n  apart.     On  tlie  üd  of  tbc  bui  ia  screwed  u  stuut  npriyht  braes 
iTod.  to  which  the  buhiuce  idfiücured  by  aäcrew,aud  tlie  l>eani  is  raiät:d 
jby  a  Rne  eilk  conl  which  jjasdea  over  thiv«  pulloy«,  c,  d-,  c,  the*  lowt-st 
lont',  *•,  being  st*}iiiralt'ly  «crewod  in.    This  füi*d  is  uttuobi-d  at  one  end 
|tu  the  Mup^MU't  ol'  thi'  beam,  and  at  llie  utbcr  lmuI  to  »  knub,  wliiuli  iif 
ifiiäti'ned  in  tbe  büx,  oud  cun  be  tuniedso  us  tu  wind  up  tlieoonL  The 
lirash,/.  fasl«^ni*d  ou  u  niüvtible  bniss  arm,  serves  tu  jirevont  nnneces- 
Bary  swinging  oftlie  longue.     Wbeu  llie  huluucc  i8  tu  he  used  fur  de- 
Itfirmining  the  sp*K?ific  gravity  of  minerals,  metuUnrgica)  products,  etc., 
■the  nece*Airy  paus  can  b**  made  for  it.    It  \i  very  udvuntagivtiä  to 
|>ruteüt  the  buhineti  iigainut  diut  and  currents  uP  uir  by  u  ghiäs  cuäe. 
llJngke  bus  oonstnicted  one  for  this  purpose,  which  cuu  bo  folded  up 
ftnd  tmnsportod  un  a  journey. 
Ä.   Weights. — The  fittt&t  weight  for  blowpipe  aasttya  u  the  gramme 
lusud  by  Uarkort.    One  decigramme  =  100  milligr.  serves  as  the  ttssuy 
entner  (hundred  weight),  and  is  the  37.5  part  of  the  assay  centner 
tnsed  at  the  Freiberg  Smelting  Works,  which  contains  exactly  3.75  grm. 
The  blglu'ft  weight  requir«!  for  blowpipe  unsays  is  a  oiie-hundri-d 
miUigrm-  pice*-,  but  sometimes  a  greater  weight  \a  very  desinible,  and  . 
we  can  always  attain  our  object  by  having  a  set  of  weights,  which  iu 
eat  made  of  silver,  and  ouiiüist'i  of  tlic  separate  piere-s  given  below. 
|The  fractions  of  a  milligramme  are  made  of  i»ith.    On  each  piece  the 
veigbt  iu  miUigrunimes  is  given,  the  flgures  from  1(KKJ  to  100  being 
engraved,  while  uu  the  other  pieeoa  down  t«  one  milb'gnunme,  wliich 
ire  quite  thin,  they  arc  struok  or  pre^öod,  and  the  fruclioiiA  of  a  mil- 
ligramme are  ouly  distinguidbed  by  their  size. 

Thi-  fMltowiii:;   b  h  It4t  uf  tli':  piecrs  coDipiMiiiji;  a,  *«t  of  lilowpijM.-  >vci|j;ht»  for  ibe 

rivilxTtf  (•ftljuicn«  : — I  [A'ci'  of  1  gnn.  (n  weicht.  I  iiiwc  of  5  rkcigna.,  '1  of  a  'Iwijjrin,, 

»f  I  ilt«%nn.  =  1  Iilu»f|iipf  itssuy  wmiKT  ~  HXt  tnilliRrm..  1  phvrof  %  ccüliKf..  2  of 

!  cviilijrnn..  I  uf  I  i-4:nti;;nii.,  I  )itrcc  or  3  oiillitinii.,  :j  uf  V  luilUgnii.,  1  of  1  uiUli^nu.. 

1  of 0.5  mitli^nn.. 9  ofoa  tnillij^rro-,  S  ul  0,1  miUignu. 

3.  filoivpipc  aasay  »caie,  or  Plattner'x  scttlf. — The  silver  button  ob- 
iiued  by  a  blowpipe  assay  of  100  milligmi.  =  I  as&iy  centner,  of  an 
;»re  poor  in  silver,  ia  so  small  that  its  weight  cuuuul  be  determined  on 
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thtr  balance,  and  Harkort  conceived  the  idea  of 
meaannng  such  bnttons  on  a  £cale  coDstracted  foi 
the  purp<ise.  This  idea  he  execated  so  well  that  ii 
iü  pj^flible  to  determine  with  sufficient  accuracy  the 
l>rup<jrtion  of  silver  in  an  ore,  mineral,  etc^  eren 
when  it  contains  less  than  0.0033  per  cenL  or  0.06 
ozs.  troy  in  a  ton  ef  2000  lbs. 

This  scale  is  founded  on  the  principle  that  fh^ 
weitßhi^  of  the  metallic  »phereii  are  proportional  to  the 
cu6':n  of  their  diameterg,  and  that  the«e  diameters 
can  be  accurately  atmpared  together  by  means  of  ttco 
fine  convergent  line^,  beltceen  tchich  the  sphereg  are 
laid. 

Plattner,  following  Harkort's  plan,  prepared  a 
scale,  wliieh  is  figured  in  the  form  formerly  made  by 
Lingke  in  Fig.  33,  but  this  form  is  not  adapted  for 
universal  use.*  The  scale  is  made  of  ivory  and  the 
lines,  a  b,  a  c,  diverge  1  niillim.  at  a  distance  of  ld6 
millim.  To  determine  the  weight  of  a  silver  button, 
it  is  i)iac"d  with  a  pair  of  fine  forceps  between  the 
two  convergent  lines,  a  b,ac,  and  then,  with  the  aid 
of  a  magnifying-glass,  moved  into  a  position  where 
the  liiU'S  are  just  tangent  to  its  sides,  the  eye  being 
lu-Kl  vtTtically  over  it  to  avoid  any  ]>arallax.  On  the 
left  hand  are  the  numbers  of  the  transverse  lines, 
and  the  figures  on  tW.  right  give  the  Loths  in  a 
centniT  (110  lbs.),  when  one  assay  ctr.  of  ore  was 
nsf'd.  As  now  constructed  in  Freiberg,  these  scales 
show  at  once  by  the  right-hand  figures  the  percent^ 
ag'-  c»r  riilver  in  an  ore;  in  case  of  gold  buttons,  the 
peni'-ntage  must  be  obtained  from  the  tables  given 
ijflow,  and  these  tables  may  also  be  used  for  learn- 
ing Ih(!  jK-reentage  of  siKvr  when  tlie  bead  has  been 
nieasnred  on  the  old-fashioned  scales,  represented 
in  Ki;.'.  If.'t,  and  the  right-hand  figures  of  which 
run  from  lü'i.5  down  to  0.0009.     In  using  the  table 


•  Ahlidiitrh  nil  Innjrfr  mttik-  liv  Liniikc,  Ilie  old  form  of  Platt- 
in'r'f  •tiil('  In  trifiuetirly  max  with.  The  ni<KkTn  form  is  Bimilar 
ill  till  ii'h|ji-(-ii,  fxi-qtt  thnt  tlie  ri;:lit-1i(inil  column  of  fifrarvs 
•■limv-i  till'  |«T(i-ntiij:o  of  silvLT  iHrcftly,  ilio  ti;;iirei  ruiininj;  down 
fnnii  .1.4«  to  0,OOfH):i,  a»  {.'ivcn  in  tlie  cnhlc-  on  p.  29- 
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the  puüitioii  of  the  button  üa  ivgarda  tlu-  transrerse  short  linrs  is 
notcO,  ami  tlit?  corresponding  percentage  uf  eilver  or  gold  \u  thi»  ore 
is  rend  off  from  the  luble. 
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It  in  scarcely  npoessttry  to  rumark  tliat  in  rockoning  the  percentage 
lof  silver  only  two  decimal  places  need  be  tised,  and  when  the  next 
Eäccimiil  figure  ia  above  live  the  preceding  one  is  increased  by  one; 
IthuK,  in  CAse  of  line  23  for  (iJi'3^74:  read  0.34.  Should  the  button 
»nie  abont  midway  between  two  of  the  transverse  lines  the  percpnt- 
Iftge  19  fotind  by  Kimply  dividing  the  sum  of  the  pereentngee  c^rrc- 
lt.{)on(ling  to  theso  lines  by  two.  Should  it,  however,  lie  neurcroue  line 
than  the  other  the  space  between  the  lines  may  be  divided  intu  thirds 
lIiV  the  i>ye,  und  if  the  button  Uea  in  the  lower  third  add  one-thii*d  to 
I  the  i>erc«.'ntage  corresponding  to  the  lower  line,  or  if  in  (he  upper  third 
ttibtruct  one-third  from  the  percentage  indicated  by  the  upper  line. 

The  number  of  tnjy  ounces  in  a  ton  of  ore  may  be  readily  reckoned 
l«fter  obtaining  the  percentage  of  silver  or  gold,  either  Iron»  the  scale 
jpr  by  weighing,  by  noting  the  fact  that  one  percent  of  a  ton  of  2000 
[jbe.  is  2D1-66  utinces.  and  of  a  ton  of  3240  lbs..  326.65  ouncea- 

Tbe  use  of  the  scale  hiis  its  limits,  and  it  is  easy  to  see  from  thi* 
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above  tuble  that  with  the  increase  of  weight  there  is  a  greater  differ- 
ence for  oftch  transverse  line,  so  that  there  must  be  a  point  up  to 
which  the  determination  of  the  weight  on  the  sciile  is  exact,  and  be- 
yond whicli  it  is  better  to  weigh  directly  on  a  delicati'  balance.  The 
limit  depends  chiefly  upon  the  amount  of  practice  in  placing  the  but- 
ton projwrly  with  the  help  of  a  glass.  Exi^erience  siiows  that  with 
ores  containing  less  than  0.5  per  cent  the  weight  of  a  single  button 
can  be  more  correctly  determmed  on  the  scale  than  by  the  balance, 
but  in  a  duplicate  assay  on  ores  of  0.3  per  cent,  and  upward,  the  bal- 
ance gives  more  accurate  results ;  for  ores  of  over  one  per  cent,  the 
weigiit  of  a  single  button  can  always  be  more  exactly  determined  by 
weighing  than  by  measuring,  and  when  duplicate  assays  are  ma<lf  the 
dillerencc  is  still  greater.  The  accuracy  of  the  results  obtained  by 
measuring  gold  beads  has  about  the  same  limits  as  in  the  determina- 
tion of  silver  beads. 

Tlie  results  obtained  during  practice  in  measuring  the  buttons  may 
be  controlled  by  determining  the  weight  of  several  buttons  by  meas- 
urement, and  then  actually  weighing  thera  all  at  one  time,  after  thor- 
oughly cleaning  them  between  moist  paper  and  the  anvil. 

The  ivory  scale,  described  on  p.  28,  affords  a  very  simple  means  of 
measuring  buttons,  and  gives  very  accurate  results  in  the  hands  of  an 
experienced  operator.  By  immersing  the  silver  buttons  in  dilute 
eulpliide  of  ammonium  they  become  blackrucd,  and  then  their  out- 
lines can  be  more  distinctly  seen  upon  the  ivory  scale.  Unless,  how- 
ever, the  operator  has  become  quite  expert  in  its  use,  by  cotitrolliug 
his  results  with  weighed  buttons,  as  before  recommended,  it  is  liable 
to  give  inaccurate  values,  and  a  certain  persona!  error  is  also  apt  to 
occur  in  the  readings,  since  one  person  may  obtain  too  high  results 
and  another  too  low  ones  with  tiie  same  instrumeuts. 

Influenced  by  a  desire  to  invent  an  instrument  which  should  yield 
more  certain  results  than  could  be  obtained  by  Plattner's  scale,  Chas. 
C.  Rueger  has  devised  the  apparatus  shown  in  Fig.  34-,  A  and  B. 

This  apparatus  is  described  in  the  Berg-  und  Hilltenm.  Zeitung, 
1SC9,  Ko.  29,  as  follows  :  Fig.  34,  A,  shows  a  horizontal  projection  of 
the  apparatus;  Fig.  34,  ^, a  section  through  C IJ.  Upon  the  upper 
surface  of  the  plate,  a,  is  fastened  a  female  screw,  h,  into  which  the  mi- 
crometer-screw, c,  provided  with  a  graduated  circle,  exactly  fits ;  «  is  a 
socket,  which  serves  to  hold  and  guide  the  cylinditr  of  the  small  slide, 
s.  The  slide  and  micrometer-screw  touch  at  r.  The  other  wedge- 
shaped  end  of  the  slide  rests  on  the  plate  at  a,  and  has  a  perfectly 
plane  surface,  perpendicular  to  a.  Against  this  presses  the  likewise 
plane  face  of  the  prqjectior  attached  to  the  end  of  the  index  lever,/; 
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A  is  a  spring,  which  presses  the  short  arm  of  the  lever  against  the 
slide.  Aronnd  the  sides  of  the  plate,  a,  is  a  rim,  serving  to  prevent 
the  bntton  from  rolling  off.    Upon  this  rim,  at  t,  there  is  a  fine  line, 


PIß.  84— A. 


J^ig.  »1— B. 


with  which  the  point  of  the  index  lever  coincides  when  the  faces  of 
the  slide  and  lever  are  exactly  parallel  to  each  oilier.  ?".  e..  touch  each 
other,  if  nothing  is  interposed  between  them. 

The  graduated  circle,  ?«,  upon  the  micrometer-screw  can  be  set  in 
any  position  and  secured  there  by  means  of  the  screw, «.  Tlie  periph- 
ery of  the  circleis  divided  into  hundredths,  and  the  index,  o,  should 
point  at  0  on  the  circle  when  the  lever  coincides  exactly  with  the  line 
i'.    The  latter  condition  is  securef*  by  using  a  strong  magnifying. 
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glass.  When  the  apparatus  has  been  thus  arranged  the  micrometer- 
screw  is  drawn  back,  whereupon  the  spring,  v,  presses  back  the  slide, 
and  the  spring,  Ä,  the  shorter  arm  of  tlie  lever.  The  point  of  the 
lever  at  the  same  time  moves  away  from  i,  until  finally  the  longer 
arm  rests  against  the  pin  w.  If  the  screw  is  still  further  withdrawn 
the  face  of  the  slide  recedes  more  and  more  from  that  of  the  lever,  so 
that  a  button  may  be  placed  between  the  two.  The  screw  is  then 
turned  in  the  opposite  direction,  until  the  point  of  the  lever  again 
coincides  exactly  with  (',  when  the  two  faces  are  once  more  parallel, 
but  separated  by  an  interval  corresponding  to  the  distance  between 
their  points  of  contact  with  the  button.  This  distance  is  read  off  in 
complete  revolutions  and  hundredths  of  revolutions  of  the  graduated 
circle ;  the  complete  revolutions  being  indicated  by  the  position  of 
the  face  of  the  slide  with  reference  to  the  lines  on  a,  and  the  hun- 
dredths given  upon  tlie  circle.  The  interval  between  two  atljaceut 
lines  of  the  scale  on  a  corresponds  to  two  revolutions  of  the  screw. 

It  is  advisable  to  measure  the  button  in  several  different  posi- 
tions, so  as  to  obtain  an  average  value.  To  avoid  any  error  arising 
from  possible  inequalities  of  the  surface,  a  fine  line  is  drawn  upon  the 
surface, «,  in  the  direction  of  the  axis  of  the  screw,  and  upon  this  the 
button  should  always  be  placed. 

The  accuracy  of  the  measurements  depends  immediately  upon  the 
proportion  between  the  longer  and  shorter  arms  of  the  lever.  If  the 
line,  I,  and  the  point  of  the  index  lever  are  fine  and  sharp  enough,  and 
the  dimensions  of  tlie  instrument  made  to  correspond  with  those  in 
the  figure,  there  will  rarely  be  a  difference  of  one  division  on  the 
circle,  upon  repeating  the  measurement.  In  Rueger's  instrument  the 
micrometer-screw  makes  about  five  revolutions  to  the  millim.,  and 
fliereforc  advances  \  millim.  by  one  revolution,  or  -j^J-y  millim.  for  each 
division  of  the  circle ;  the  results  obtained  by  the  inventor  seldom 
varied  more  than  ybW  n^iHim.  Such  a  result  is  all  that  can  be  de- 
sired, when  it  is  considered  that  the  irregular  shape  of  even  an 
apparently  quite  round  button  may  lead  to  five  or  six  times  that 
difference.  The  apparatus  is  made  by  the  mechanician  KuUe,  in 
Clausthal. 

Another  apparatus  for  measuring  buttons  has  been  devised  by 
L.  Kleritj,  and  is  described  in  the  Berg-vnd  Jlaltenm.  Zeit^  1870, 
Jfos.  1  and  "l.    It  is  represented  in  Fig.  35,  A,  B,  C. 
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The  instririient  consists  of  a  bmss  support,  or  plate,  a  Ä,  which 
rests  upDii  two  fw*t  oil  tiiL'  side  rt,  and  npon  one  foot  on  the  side  h. 
Upon  tliis  i>late  is  lixed  a  guide,  c,  having  a  trapezoidal  section,  and 
npon  tliis  guide  moves  tlie  wudge,/(/,  wliich  ia  provided  with  acorrc- 
sjKinding  jrrooveand  slides  along  the  vernier,  (/  e.  Against  this  wedge 
press  tiie  slides,  A,  /,  which  move  hi  two  guides  screwed  to  the  support, 
and  are  placed  at  a  right  angle  wirh  the  edge,/*/.  The  slides  end  in 
two  faces,  or  jaws,  hi-twei-n  which  the  body  to  be  measured  is  placed. 

The  slides»  h  and  (",  are  pn-ssed  oguinst  f  g  by  the  spring  k.  but  be- 
tween k  and  i  is  interposed  a  shorter  arm,  /,  which  turns  about  a  ver- 
tical axis,  and  is  lirnily  joined  to  llie  longer  arm,  m,  below  the  instru- 
ment. The  latter  is  provided  at  n  witli  an  index,  serving  to  set  the 
instrument. 

Ui>on]ire.-:ing  the  wedge.///,  in  thedirectifmof  the  arrow,  the  arm,  i, 
must  niiive  fi  .r.w  I'ight  to  left,  since  h  and  i  are  pressed  against  it  from 
left  to  riglit. 

To  n-inforce  the  spring,  k,  u  slit  is  made  in  the  plate,  in  which  the 
l)in.  ".  lixi-d  into  ilie  slide,  //,  cau  move,  and  this  pin  is  governed  by  the 
spring,  p,  working  like  l\ 

Wlieii  I  lie  0  (if  the  wx'.lge  coincides  with  0  on  the  vernier  the  two 
lines  upon  tlie  plut'.*  and  the  projection  n  should  also  coincide.  To 
niejisun-  .i  button  the  wedge  is  pushed  alwut  half  way  out,  and  the 
slide,  %  ii;;'ved  somewhat  toward  the  left  by  means  of  the  pin,  q;  the 
button  io  then  placed  between  the  jaws,  and  the  two  lines  on  the  index 
iit  n  made  to  coincide  by  means  <\^  f  g.  In  this  instrument  the  dis- 
tance betwcL-n  the  two  parallels  assumed  by  the  side  (?  at  0  and  30  is 
three  milHm.,  and  the  reading  for  the  position  in  Fig.  35,  B,  would  be 
0.80  millim. 

It  is  very  easy  for  the  mechanician  to  determine  the  interval  be- 
tween 0  and  10  on  /  g,  us  lie  need  only  place  a  wire  or  any  object, 
known  to  be  exactly  one  millim.  thick,  between  the  jaws,  bring  the 
two  lines  togetlier  at  n.  and  jirolong  the  zero  line  of  the  vernier. 

To  use  the  instrument  for  determining  the  weight  of  silver  buttons 
Kleritj  ims  prejiared  t-ables,  which  are  hei-e  copiud  in  part,  and  in 
wliiuh  the  wi'ight  of  the  button,  or  tlie  percentage  of  silver  obtained 
from  one  blowpipe  assay-centner  is  given  for  any  button,  from  O.OI 
to  one  millim.  in  diameter.  The  furmuhis  by  wjiich  Ibis  table  was 
calculated  are  given  in  the  nunilier  of  the  iifrg-nnd  Hiitfenm.  Zeif^ 
above  rel'L-rrcd  to.  and  we  will  here  only  remark  tiiat  thetiretically  the 
weight  of  a  body  is  expressed  by  the  equation  (i  =  V y,  in  which  G 
denotes  the  absolute  weight  of  the  body,  V  its  volume,  and  7  its 
.specific  gravity.     For  a  sphere  r=J  d*,  and  as  the  specific  gravity  oi 
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»eilver  is  10.47*  we  wuuld  have  Q  =  5.482  t/",  tir  IT  the  dtnniel<?r  of  tin* 
Bphere  was  one  millim.,  itö  weicht  f;liuiiM  be  .V'liS2  niilligr.  Accurd- 
ing  tu  Kleritj  this  equation  would  vcrj'  rurely  give  the  true  weight  vf 
&  silver  button,  and  he  hoa  dotemiincd  by  experiment  thut  for  J  y 
we  mnat  »«bslitul*!  fi  =  ri.13.1.    The  tru«  weight  uf  thti  button   will 

[then  be  found  from  the  equation  &  =  6.1*^3  d*  —  f^- 

Thr  SHnK-  talkie  may  be  ugt-d  for  Ruc-^ei'ä  instrument,  iifier  determin- 

I  ing  by  meiwari/ment  tlK-  diaraeU'r  of  the  öilver  biitlüii  iu  nulliiuetri-s. 

iKieritj'a  apparatus  is  made  by  the  mt^chunicina  Lingke,  in  Freiberg. 

[.— fTruufil] 
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4.  A  good  MagnifijiMff-GlaM. — Thia  iudiapenBable  inatruraeut   u 
chiefly  used  U>  judj^-  more  ct-rtainly 

be  resultä  ofexperimeuls  on  reliction», 

Dd  to  JBCMuro  the  silver  nnd  gold 
pnttoDB  obtained  by  •jtiuutitativea.*!-  pi«  m. 

aya    A  glast}  well  suited  fur  ihis  purpose  iscomjmstd  <if  two  leiise« 
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'iiii  rriii^r:i.;'viiii(  puWrr,  bin  .-o  iii'^iintoJ  that  each  glass  can  \*i 
al'^fi-r,  -ir  'lu-.  br-ni^'iit  ovt-r  ttu;*  other,  so  as  to  use  them  together. 
•IÜ  r-;pr-:.T';tir.-.  nuch  a  double  g'lass. 
FufAp*.  OH'I  J'iier.-f. — Variuiis  forceps  are  required  for  bloTpii>e 

■'.,  viz., 

/■'orc^pjf  tritk  iftatinnm  iip.^.^  fur  holding  an  assay  directly  in  th« 

Viluu  jii]it.'  rianie.  when  testing  it* 
fu=ihility  and  other  reactions.  Tht' 
f'trceps.  which  should  be  about  cue 
hundred  and  thirty  millini.  long,  an? 
n  in  Fi^.  .37- 

Cutting  Pikra,  or  Sippergy  Fig.  -JS,  such  as  Berzelius  employetl 

for  breaking  off  small  assay  piecrs 
from  tlie  miiK-nils  to  be  exam- 
ined, without  injuring  the  speci- 
mens. They  resemble  nail  nijv 
j)tr3,  except  that  the  cutting  edge 
is  broad  and  stout,  rather  than 
¥.^. ».  sharp. 

Sfi:^l  J'UnrA,  V\%.  3Ö.  necessary  in  separating  the  slag  from  the 

raw  lead  obtained  in  gold  and  silver 
assays,  and  fur  other  oi>eratiou9.  The 
j!iw.-?(tf  these  forceps  must  be  some- 
what broad,  and  the  inner  snrfaces 
should  not  be  cut  like  a  file,  but 
should  only  be  rough. 

d.  Brass  Forceps,  Fig.  40,  used  for 
holding  small  objects,  especially  in 
r|ualitative  assays. 

e.  A  similar  pair  of  forceps,  also 
of  brass,  but  somewhat  smaller,  and 

^  haviii;;  moro pointed  ends;  they  serve  for 
hiindling  the  weights,  and  also  the  gold 
and  silver  bullous,  when  measuring  them 
ujion  the  scale. 

/.  Iron  Forceps,  Fig. 
41.  about  one  hundred 
and  ten  millim.  long. 
which  are  used  in  clean- 
ing the  Jamp-wick  and 
raising  or  lowering  it 
Pi^,  4a.  in  the  socket 


Pi?.  OT. 


ro 


Fi(r.  Vi. 


FiK.  41. 
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6.  A  ffantiaer,  of  good  liurd  ete«l,  rectangular  in  eeotion,  with  a 
[mlisheU  flat  face  at  one  end  and  a  broad  edge  at  the  other,  as  in 

7.  Ah  Anvil,  of  liard  polished  steel.  Fig.  43,  La  used  for  coarseJy 
bn-aking  raiiierals  and  product«  which  are  to  be  pulverized,  and  also 
tn  flutten  reduced  metallic  buttons,  to  remove  the  alag  from  the  lead 
ill  gold  und  eilver  assays,  etc.    The  bcdt  _^ 

Tonn  is  a  pamllelopipcdon,  alwut  fifty-five 

luitlim.  luug.  tbirty-twu  millim.  vide,  aud 

ihirloen  mitlim.  thick.     When   breaking 

up  hard  and  brittle  sobätauceä  or  flattening 

small   nietnl   butt^^nn,  tbe»e  may  im  pn^- 

\rnlL-d  fittm  flying  off  by  using  au  iron  ring,  of  about  twenty  milllni. 

inftTinr  diamet»*r,  and  t<;n  millim.  high,  which  ia  pressed  against  the 

unvij  with  the  liugt-rg^  while  the  substance  eurruimded  by  the  ring  is 

elrack  with  the  hammer.  — 

8.  .i  Sfrel  Miirtar. — Ahich's  mortar.  Fig.  44.  is  best  adapted  for 
brifakiug  up  .and  pulverizing  refr«ctur}"  mt-tallit;  niiiK'rals,  produel», 

I  sod  Tariona  eubstanccs  which  have  been  melted 
'on   coal   before    the    bluwpijw.      In    the   circular 

plate  of  bard  steel,  A   />',  is  a  cylindrical  cavity, 

Ct  six  millim.  deep,  into  which  the  huUow  iron 

cylinder,  />  E,  twenty-one  millim.  high,  with  an 

exterior  diameter  of  twenty-ffuir  milh'm.,  exactly 

lltä,  Hud  into  this  again  His  a  gtuut  ^olid  cyliudcr 

of  bard  steel,  /',  forty-live  millim.  high  and  eight- 
I  Kvn  millim.  in  diameter,  wliieh  is  ruundtnl  at  its  upper  end.     Both 

cylinders  are  tumtd  so  as  to  üt  each  other  exactly.    Tlie  gubstancf 

to  l»e  pulverizwl  is  placed  within  the  cylinder,  D  £\  the  pestle,  /',  set 

in  upon  it  and  struck  a  few   times  with  the  hammer,  while  both 

cylinders   arc    pressed    against    the   steel    plat©    with    the    lingers. 

Upon  removing  the  two  cylinders!,  one  after  another,  the  uubstanco 

will  be  funnd  reduced  to  a  rather  fine  powder  which  may  he  rubbed 

still  tlner  in  the  acate  mortar. 

9.  Ah  A*jatf<  Mortar^  Fig.  45. — By  pulverizing  veiy  hard  bodies  in 
auch  a  mortar  it  reeeives.  in  time,  fine  scratche-s, 

into  whicti  some  metal  is  liable  to  be  nibbed, 
whfiu  fKtwdering  and  washing  metalliferous 
^higH,  and  it  must  then  be  cleaned  each  time 
Kxih  moistened  bone-a^b. 

10.  A  ftw  Files,  triangular,  flat,  balf-ronnd,  imd  round,  i-arving 
Id  Ktxc  and  finenc^,  are  used  for  different  purposes.     A  ra^p  t^  aUo 


"r^ 


Fig.  « 
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of  excellent    service    in   shaping   coals   and   cleaning   them   afcei 

11.  A  A'nife  and  a  small  pair  vf  Sci^sori*,  with  strong  cutting  edges 
Vi.  A  Steel  J/i'^tutf  in  the  sliajx*  uf  a  square  bar  about  eightv-fiw 
inillim.  long  and  fuur  millim.  e<[uarL-,  wedge-sliaped  at  one  end. 

I'-i.  Coal  Ifi/rtrts. — In  quantitative  assay;;  huk-s  must  be  bored  in  the 
c-oal,  fur  which  variuus  borTS  arc  required.  Thrue  different  ont-s  axe 
Used,  viz., 

a.  A  borer,  Fijr.  40,  to  buru  huk-s  in  the  cual  for  the  fusiun  of  eilver. 
gold,  copijer,  and  other  -lÄsava.     It  is  square,  and  thf  sides  are  tiled  so 

that  it  luoks  like  a  duuble  chisel,  tlie 
edyrs  eivssing  each  other  at  a  right 
angle  and  l>eing  very  slightly  convex. 
^""i-  **■  The   Ijreadth   of  each   cliisel  is  eight 

mitlini.  and  the  boRT  is  provided  with  a  wooden  handle.  The  borer 
!•■  jilaeed  at  a  right  angle  agaiuat  a  crus.s-section  of  the  coal  and 
turned  rapidly  on  its  axis,  with  a  moderate  pressure,  alternately 
tiiwiird  tlie  riglit  and  left,  until  the  re(iuired  depth  is  reached.  After 
removing  the  borer  tlie  dust  is  blown  out  of  the  hole,  the  width  of 
wliicli  deiH:nds  on  the  size  of  the  borer,  while  its  depth  is  regulated 
l>y  tlie  height  of  th»;  pajH-r  cylinder  in  which  the  assay  to  be  fused  is 
]i;U'ked.  Thus,  in  case  of  an  as>ay  charged  for  ooi)j>er,  the  hole  is 
>liallottrr  than  with  the  charge  for  an  assay  of  silver  ore  rich  in 
cqijier,  !jecaus(-  the  latter  contains  much  test  lead. 

/a  a  c'ini(;al  borer,  fi.»r  buriug  larger  lu)les,  the  longitudinal 
.-'(•tion  of  which  is  a  senii-ellipse.     Its  upper  diameter  is  twenty-two 

millim.  and    its   length 

eighteen    millim.     The 

further  arrangement  of 

it   is  shown  in  Fig.  47. 

^^^- ""  The  instrument  is  used 

just  :i>  Ihf:  preceding  br.rr*r.  but  as  soon  as  the  side,  a,  ivaches  the 

level  of  thi:  perffirated  sid<'  of  the  coal  tlie  boring  is  stopped  and  the 

e<jal  du.-t  cleared  from  the  hole. 

c.  A  long  cdid  borer.  Fig.  4S.     One  end  consists  of  a  double  chisel 

six  millim.  broad,  made  like  the  first  ijurer  for  cylindrical  holes.     It 

^,— .„^  is   used   in    boring   through   the 

f      ~~         '^^^^^^"'^^^'^S     front  side  of  the  (;oals  fastened  in 

the  coal-holder  to   be  described 

*''"  **■  below,  and  for  boring  through  the 

coal  covers  which  are  required  when  fusing  quantitative  lead,  bis- 

muth,  tin,  nickel,  and  cobalt  assays  in  clay  crucihles.     The  othei 
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rnd.  ThSeh  U  nine  EoilUro.  w  de.  'n  ^aped  tilcc  &  spataU»  with  «  «hup 
«Ige.  aud  iä  oj^rd  fur  boriog  bule^  m  cual  for  qoaliuitiTö  ao&ljrsü,  wbea 
tbey  are  to  be  nUli«*  <I»#p. 

|i4.  t'w/W  MoulfU,  Witt»  the  stamps  and  Ä^a«r/.— For  capelling  Üie 
itUeroas  acd  aariferous  Itad  obtained  from  iUwT  and  ;!Old 
lissaye  email  cu{k1s  of  Iwne-ash  are  required,  which  arc  coD>ienieatJy 
nuuie  by  striking  tbtim  in  a  metallic  inoiiid  and  Oäiiig  them  for 
Cttpi'llatioD,  «ithoat  remoring  them  fr\>m  the  mould.  Two  such 
monldf  mar  be  hvU  one  for  larger,  and  one  for  smaller  moatd». 
Fig.  49,  A  B,  but  this  is  nut  iudia-peosable,  aa 
the  larger  oue  U  sufüctent  nuder  all  circnm- 

4taoceA.     [It  jä,  indeed.  *  hare  two  of       

the  larger  äse  only,  as  ti.  i  the  re&ning    Ä^^^     J^  . 

\  cnpdJatioD  has  been  performed  on  the  cupel,  it 

'  can  ctiU  be  oiod  for  the  Morificotion  of  the  mv    E^|w/     B 
lead^thnseflbctings  «TingoftimeaiidmaiefiaL 
TnuisL]    C  and  D  are  tlie  «tampa.    The  moulds 
are  of  iron  and  are  aevcDCeen  milUm.  in  diameter, 
the  cariir  being  worked  mash,  «o  that  the  cupel  ^  *^ 

1  «track  in  it  nuiy  not  fall  oat.  a«  would  be  very  likelr  to  happen  if 
the  caritT  were  smooth.  The  stamps  are  of  hardened  ateel,  and  like 
thr  hollows  in  the  monlds  their  shaping  face«  are  degmenU  of 
'  of  a  somewhat  Urzer  diameter,  and  puU^thcd.  Ttiat  the 
-    be  more  securely  held  when  hut,  a  cross  i^  filc^l  on  the 

\  uodtT  side,  «o  that  one  point  of  the  fon^f-ps  maj  b«*  pat  into  one  of 
Ih"-  f'Mir  opeaings.  while  the  other  p«  iwr 

1  {Mrt  uf  the  monlJ,  which  can  thoj  be  t;  ■      i  ^  Joe. 

The  copeLs  are  made  by  pre^ag  the  mould  fall  of  bonc-a^th,  set^ 

f  ling  iht  proper  stamp  Tertically  upon  it,  aod  eompres»- 
ing  the  bone-aäh  with  a  few  strokes  of  ihe  hammer, 
until  the  cooTcx  face  uf  the  stamp  lunches  the  toner 
edgt*  of  the  moald  on  all  «id«-«,  whtrenpon  the  cnpel  is 
fittisbed.      h  stand,  aboot  ninety  milltm.  high.  Fig.  50, 

I  supports  the  cupel  daring  the  caii^lUtion.     It  is  bored 

>  out  down  to  c,  and  a  stout  iron  wire  is  inserted  in  it,  *o 
aa  to  stand  qoite  free  from  the  wood  down  to  thst 

.  point  The  cupel  mould  is  then  phsc^  on  the  croas 
■botcv  Sf>  that  the  crose  cut«  in  the  mould  do  not  cmd- 

[  cide  with  the  ezo«  pieoea,  but  come  between  the  anna, 
in       ■        'it  the  Tn  he  remored  with  the 

fiiri       ■  ri  the  ':-ii  •  .uft. 

[Ills  frvqaentlr  desirable  in  qtulitatire  examinations,        r^.^ 
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Lo  cujx-'l  sabbtauces  with  lead,  and  thou,  if  the  operator  does  not 
poseesä  the  ^uautitAtire  apparntus,  a  cupel  may  be  reiulily  made  br 
boring  a  bule  about  u  quartor  of  nu  inch  in  width  and  di.*pth,  in  » 
piece  of  charcoal,  aud  lUliug  it  with  a  stiä'  pusC«  of  boue-uh.  Thii 
18  pressed  down  and  made  slightly  concave,  with  the  pestle  of  the 
Hgale  mortar,  and  ihva  thoroDghly  aud  slowly  dried,  B.  B.,  or  over 
ihc  epirit-iump. — TransL] 
15.  A  Mixing  Capsule  of  sheet-brass  or  horn,  polished  on  the  iuside 
and  shupi'd  like  Fig.  51.  It  i«  Üfty-eight  niillim. 
long,  twenty-two  miUim.  wide  in  the  widest  part» 
and  fivf  miUiuu  deep,  and  ut  the  Up.  where  it 
begins  tu  round  off,  seven  millim.  wide  and  three 
millinL  deep.  U  is  uswl,  eüpecially  in  quantitative  aseaya,  to  pour 
the  mixinl  clmrge  conveniently  into  the  soda-paper  cylinder. 

in.  A  Spatula  of  poliahed  inm,  of  the  shape  shown  in  Fig.  62,  and 

^ ^  ninety-five    millim.    lon^.      It    i* 

-  ^..  need  for  mixing  charges,  but  more 

n«- BS-  particularly  in  roasting  ori'S  to  be 

quantitatively  assayed  fur  metals,  and  fur  various  other  purposes. 

17.  CfMil-hfflder  with  platinum  wire  and  shield. — In  making  qunn- 
titativt;  ufisuya  which  most  be  roa^led,  or  fused  in  clay  crueiMc-s,  and 
reiiulre  a  strong  heat,  the  co&l  used  must  be  protected,  at  the  end 

emjtioyetl  by  an  rnvelupe  of  ehect- 
iron,thccoal-holdor.  Fig.  53  shows 
two  sides  of  this  holder,  as  \iny 
jtosed  blf  Plattner.  Kach  of  ihf 
four  sides  is  Ihirly-two  millim.  wid*? 
and  thirty-six  millim.  lii;;h.  On 
the  front  .«idc,  //,  is  a  e,\iUb,  ending' 
in  a  round  opening,  ff,  seven  millim. 
in  diameter,  and  on  the  rear  su\c  ts 
an  iron  screw,  c,  on  the  inner  i>nd 
of  which  is  a  plate,  d,  that  tnnis 
on  itj>  asis,  while  to  the  outer  I'nd 
the  wooden  handle, «,  is  attached.  The  screw,  c,  is  below  the  middle 
of  the  coal-holder,  so  that  when  the  coal  is  burned  out  the  pressure 
may  not  cease,  nor  the  coal  fall  from  the  holder.  Tiie  nut,/  outj^ide 
of  the  coal-holder,  in  which  the  iron  screw  wnrks,  is  arrangod  toj^Iide 
iu  and  out.  TIutc  is  a  sumli  piece  of  sheet*iron.  A,  fastent-d  on  ihe 
fi*ont  of  the  roul-holdcr  hy  a  .«mall  rivet,  so  that  it  can  be  turued 
to  cIfJ#o  the  slit,  b,  or  have  it  ojien.  a«  the  dotted  lines  show.  In  one 
side,  A,  of  the  holder  there  is  also  a  small  8li%  i,  eight  milUni.  long 
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and  0.8  iiiillim.  wide,  for  tbe  insertion  of  the  platinum  wire,  to  bfl 
deacTibed  directly,  and  below  the  slit  i&  a  small  bjuss  socket,  kj  in 
wbioh  the  end  of  this  wire  19  inserted.  When  tin  ore  ie  to  be  iviist«! 
io  ti  cluy  cai)Äule,  or  an  assay  fused  in  a  cKiy  crucible,  the  capgnle  or 
'crucible  mast  be  bo  placed  as  to  stund  free  iu  tbe  cavity  and  not 
touch  tbc  coal.  Thiä  is  acconipliäbed 
by  means  of  a  platinum  wire  t'igbty-  \ 

three  milltm.  long,  and    O.C  to  0.7  ij 

millim.  thick,  which  is  bent  with  the  \ 

plit'te   into   the  ^hape  shown   iu  the  > 

uatural  size  in  Kij;.  54.     Tlic  ring.  A, 
is  first  furnitM],  then,  at  /,  tbe  straight 
part  is  bi'iit  back  sorafwhat,  and  uj»- 
wanl  at  an  obtuse  angle,  com-spouding 
to  the  incliuatiunuf  the  gid»ia  of  thfi 
cavity  in  the  coal,  and  lastly,  the  re- 
maining part  is  bent  downward  nt  11 
right  angle,  as  is  aft'U   al    Ji.    The 
length  of  the  upper  horizontal  ix>niori 
mnst,    Wfore   bending    the    wire,    b»; 
ineadUi'ed  off,  equal   to   the  distance 
from  tho  opening  in  tbe  socket,  h,  to  the  aide  of  the  cavity  in  the 
coal  ("irfef  Fig.  19,  /'),  a.s  may  be  seen  at  «,  Pig.  55, 
which  n'prL'genti  the  coHl-holder  with  thi^  coal  and  the 
iosiTted  wire.    The  coal  prism  m  introduced  into  the 
poal-hoUler  from   iM-dow,  sc>  that  the   upper  side,  ou 
which  the-  part  b  of  the  wire  n«ts,  may  reach  exactly 
to  tbe  »lit,  f.     On  tbe  wiiv>  opiHjsite  the  ü|>eniug,  «,  is 
hung  a  wnall  shield  of  thin  platinum  foil.  Fig.  54,  C 
(natural  size)»  which  is  usedoH/ym  r^»n/t^i'«y  and  serves 
to  {»rcvent  the  coal  from  burning  out  too  8ovn  at  tbe 
part  most  expfAiid  to  tlie  ptjiiitt-d  Hame. 

18.  A  sinnli  ivory  spootiy  eight  millim.  wide  on  the  exterior  and 

shajti'd  liko  Fig.  5ß,  ipiite  smooth  and  pnl-  ^ —   -a 

isIunI;   also  n  »mail  hrusk  forcleiining  the 
sca1<>-pans,  mixing  capsules,  and  roasting 
cap«ulfs  fmm  any  udhercnt  fine  du.^t- 

19.  .1  tfst  had  teit've. — The  test  leatl 
fbr  blovpi|>e  assays  must  be  as  fine  as 
poiisibhs  HO  as  to  mi\  belter,  and  the 
giitnulaltil  lend  must  therefore  be  sifted 
through  a  snnill  sieve,  the  bottom  of 


^ 


Pie.». 


Flif.  M. 


««.  S7. 


iJ 


I'LATTyEira  blowtipe  axaltsib. 


which  id  piiivcud  witlt  holes  throngh  whir-b  a  moderately  ooKn& 
u«idle  will  \miJL  This  sieve  is  made  ju£t  vide  enough  to  hold  tJie 
box  of  tlii>  clay  capftulc  mould  l^efuiv  deAeril>ed.  and  does  not, 
Uieivfore,  rnjuin?  u  special  place  whi'n  t.run?iK>rtL'd. 

äO.  A  text  faiil  meannrr. —  It  ia  tnmlileiomd  to  w? igh  out  the  t4-ät 
lead  nH)iiti-oil  for  a  quantitative  gold  or  silver  assay,  aud  «nee  it 
inakis  IUI  gnal  tlitTfrence  if  a  trille  tn«  much  or  Ujo  little  is  iistd, 
Harkort  emi)luv«'d  a  njfusiuv  similar  to  that  uswl  rurguu|»owder.  It 
consist?  of  n  pluÄS  tub*',  Fig.  58,  thirry-6ve  niillim.  long  and 
Ä'vcu  to  eij^ht  millim.  wide,  gniiind  smootli  ut  Ixith  ends,  iiiio 
which  a  tttxiden  cylinder  exactly  fit».  On  the  cylinder  an* 
8*.'v».rul  divisions  which  havL-  bwn  before  determined  by  weigh- 
ing out  tivc,  ten,  fifteen,  and  twenty  blowpipe  centners  of  6uf 
totit  le:id  tiiid  pouring  it  into  the  tnl>e.  I'o  cliargi'  an  assay 
IFith  t*n  ctrs,  of  lead  the  wooden  cylinder  is  drawn  out  until 
the  line  marked  10  is  just  even  with  the  bottom  of  the  tube. 
when  th«'  empty  cqiaco  alfovo  will  hold  juat  ten  ctrs.  of  i. 
lead,  flupposing  that  ihc  luud  u^il  is  u#tlie  same  dfgree 
tiufuess  a£  that  need  in  dfionniuing  the  divisiuna. 
n«  B8  *.M.  .\  isiiiall  fivdid  n/thi-fer  of  mutiU  wliich  19  U8»d  for  pre-' 
puriiig  tlif  st-Oii-jmpi'r  cvlind*-i*s  p-  "i-^*-  It  is  tweiity-Hvi'  millini.  loug 
and  Sloven  millim.  thick,  u£  shown  in  Fijf.  5f>,  B.  To 
It^pare  the  pajwr  cylinders  Ihe  w^Kidi-n  cylinder  is 
laid  on  the  i«»|Mr.  Fig.  .">;»,  J.  and  the  Intti-r  rolled 
around  it.  I'he  projecting  iiul  of  the  piifMT  in  (hen 
]>refised  down  uii  the  wood  in  several  places  with  the 
little  ivory  spoon,  and  tinally  the  closed  end  ig  pn^sfiod 
again.st  the  tjihic  so  as  ro  »hut  it  tij;hler. 

tjy.  Srventl  cylindttatl  birrex  of  hard  wood.  Fig.  CO, 

for  diT  reiigoutfi,  and  sevtTal  glass  bottles  with  Wtdl- 

jrmnnd  slnpiwrs.  Fi»,  (il.    Tlie  Itottles  aud  Iiuxe.-i  are 

«:l  in  n  wooden  ßtaud  ur  l*ox,  in  rows  hthiiid  nur 

another,     fc'omewhut   larger  hotlles    jiii; 

kept  in  a  scjiurate  etaud   Inr  li<|tii(I   iv- 

ogents  wliicl»  are  more  frequently  used,  as 

g^^  \^     3        nitric  acid,  hydrochloric  acid,  etc. 

X^Bk  I^K  ^'*'  ^^^  more  extendetl  blowpipe  exnmi- 

~^^m         jM^P^     nationswhich  often  necessitate  tlie employ. 

I  E«2^JM      ment  of  the  wet  proixss,  vurioug  pieces  of 

^^^     llgigl^^    apparatus  and  utensils  are  reqnired,  wln'ch 

— ^^^     ^^^B^   wiU  he  here  mentioned  together.     QXmM 

Fiff.  uu.  ri«.  ci.      porcelain  vt96eUy  Figs.  62, 63,  64.    Those 
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like  Fig.  G2  an'  most  Kuitnbl}-  tiiaile  of  two  ätziea:  the  lurger  uue» 
ubuut  Uiirty  millim.  high  aad  Ibrty-tiw  miltiu.  vide  in  the  iniddli» 
iiiid  till'  t'liitLller  ones  rwonty-fiTe  millim.  high  ond 
t  liirly  uiiltlm.  wtdu.  A  few  tvtttch-gludäos  of  c^rrv- 
epuiiding  diaiuei^r  serve  to  cover  these  vcs««l& 
Diffccvnt  sizos  of  Fig.  *J3  aru  Ukowiäo  to  bo  ivcom- 
iiii'uded,  uiid  jNiiut  ur  iiicJiun-luk  äuucvrt»  eaii  \k 
Uäud  for  the  purpose.    The  smallest  size,  Vtg.  G4,  t\g.  a. 

lwt*nty-flvfl  raillim.  wide  and  ton  millim.  di-'q).  is 
Used  to  heat,  oix-r  the  äpiril-laiiip.  jjiibdUiic.-« 
which  atluok  platinum.  For  (li!^?u1viug  c;im- 
jNMinds    in   acid»,  test  tubes  Fig.  (JO,   jxFa   lu/d,  ^^  ^ 

which  are  kept  in  a  fohliug  fmnu'  of  woud  nr  tin. 
Scteral  üuiall  beakers  may  be  advuiitjigt-nusly  used 
for  fiiniilnr  parp4>scs,  aa  well  as  for  tiUnitiun&  A 
few  small  glaä^  funnels,  which  cuu  Ik-  pliiced  ou  ng.  m. 

the  test  tubt'S,  ;»rc  inflispcnsablc;  f<tr  lurgtr  fun- 
nels a  email  lUter  Btuud,  Fig.  6ti,  ia  useful.     [It  may  be  very  con- 
veniently replaced  by  a  ring  attached  to  an  arm,  which  Uta  in  thv 
i-arm  of  tlie  evajiomling  ring,  ff, 
fig.  7,  or  it  may   l»e  i«>iHintt<'ly 
i  fitted  to  the  lump  stand. — TrauHl.J 
The  fill<T-iwjjtT  ii*ed  must  have 
hut  u  ämall  ammiut  of  white  ash, 

fliuca    the    ignition   of   a 

part  of  the  filter  is  gome- 

time«     nuavoidable    when 

trifling  precipituteä  arc  to 

Ix'  furthiT  examined. 

A    small    gla^s    pijtette, 

Fig.  6T,  about  one  liundred 

aud  tifty  millim.  long  and 

blonu  out  iu   the   middle  ..^_^ 
^  inu>    a    bulb,    tw^nty-fite 

"  millim.  wide,  U  ahw  uscftiL     TiSTien  this  is  locking,  a  tube,  ten 

millim.  wide»  drawn  ont  to  a  [mint  at  one  end,  can  be  used. 

I  Finally,  a  »mall  trmh  boffle.  Fig.  08,  ur  a  Uro/f^nn*/  ffUi/i*,  Fig.  C'J, 
is  DeofASJiry.  Fiy  blowing  air  into  the  tube,  a.  Fig.  (18,  whicii  open« 
close  under  the  cork,  a  steady  stream  of  water  is  forced  out  through 
^  A  glxiM  flu£k  of  about  forty-five  millim.  diamctc-r  is '|uiV-- large 
t'DOiiglL  On  inclining  tbe  spout  of  the  Lulf-tilled  dn:)ppiiig  glud«, 
Fig.  69,  so  far  that  the  water  mns  into  it,  a  few  drops  will  force 
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th  ^ir  way  out  separartly,  which  is  of  advantage  when  anrthing  ie  to 
be  moi?:« urrd  with  a  drop  of  watt-r.  It  is  only  new-ssary  to  direct 
the  sp*jut  downward  and  blow  throiigli  the  glass  tube  tu  force  the 

water  out  in  a  very  fine  stream. 
54.  A  charcoal  »ate,  about 
one  hundred  aud  fifty  millim. 
long,  eightet-n  millim.  wide, 
and  one  millim.  thick,  with  a 
wooden  handle.  A  huw  gair 
may  be  used  witl»  more  advan- 
ta^'e  in  sawing  large  pieces  of 
cuul,  but  in  truvfUing,  when 
such  large  tools  cannot  be  car- 
ried, aud  a  stock  of  suital»ly 
cut  or  artificial  coals  is  gener- 
ally on  hand,  the  first  saw  will 

'4't.  l''jrriouji  fhi  iT*W/f,  in  case  the  apparatus  is  carried  during  a 
rrjp,  w'i'.ji  -T  i;;  iiw>.-Ä.^ary  to  take  a  .^tock  of  oil.  alcohol,  coals,  and  clay 
v*:-r-]--  'i';ii  flji-k-,  'overed  with  dark  lacqner,  serve  for  oil  and  alco- 
1.'.],  T!ie  '/j"-)iiij;:-  \ß'i\u^<:\iy--c<\  like  tho.se  of  the  blowpijw  lamp^  Fonr- 
-!':'-d  f-M-':-  l('»j<!  li.f:  variou.s  coal.>  which  must  be  tightly  laid  in.  as 
*u*'.  urifl'.Ial  '-■'►ul-;  an.'  f-a^jily  injured  by  friction  or  shocfc.  Asimilai 
rut'r  i-i  ji',-*'f]orl  for  the  Hfife  keeping  of  the  glass  tubes,  mar- 
lü.-'.-f..  tTftt  tule.-,  and  funnels.  Plattner  has  recommended 
a  jjartioiihir  ca.-e  forkeqiingthe  clay  capsules  and  crucibles- 
h  ron-i.-tfi  of  a  hollow  brass  cylinder,  into  which  a  frame 
of  the  rJinie  material  can  be  inserted,  capable  of  holding 
twenty-fivi;  clay  crucible«,  and  ten  c»])sule8.  Fig.  70  shows 
the  arranu't-rn-iit  of  such  a  case.  When  the  frame  is  full 
ofrTuciblf?!  f)r  caii.-uleH,  the  extra  space  is  packed  with  soft 
papr  or  mooI,  an<l  tlie  cylinder  put  over  it.  In  order  that 
til-  cylind'-r  may  not  slide  back,  small  eyes  are  attached  at 
n  iiiid  //,  which  ran  be  fastened  together  l)y  a  fine  thread. 
The  ring  into  wliicli  the  four  uprigiit  wires  are  set  has  a 
^lii  at  r.  wliicb  is  so  wide  that  tlie  points  of  the  forceps  can 
\y,\'^~  tliroiigh  conveniently  when  a  crucible  or  capsnle  is 
lifti'd  out  of  till*  fi'anU'. 

Kinally.it  U  nw:e.«saryso  to  pack  tlie  nbjectü  enumerated,  that  when 
(lii-y  an-  to  be  taken  on  a  journey  \\\a  separate  ones  may  l>e  easily 
r«)unil,  while  tlie  whole  apjiaratus  lia.s  a  ctimpact  appeuranc«.  A 
wooden  l»ox  that  can  be  locked  is  .suitable  foi-  this.     In  the  lower 
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part  a  special  arnugement  must  be  made,  so  that  all  the  larger 
objects,  which  cannot  first  be  pot  in  a  panicnlar  caee,  may  he 
securelj  pocked  awaj.  Abore  these  objects  come  the  others,  which  arc 
partly  id  small  separate  caaes,  and  paniy  laid  side  by  aide  in  wrx-den 
tray*,  lined  with  soft  leather,  and  having  canities  corre«poDdin?  with 
the  separate  objects.  The  cover  of  the  b-jx  shonld  also  be  lined  with 
311  ehistic  cnshion  covered  with  5'>ft  leather.  The  wo<xlen  boxes  and 
the  g^'ass  b-^ttleä.  Figs.  60.  61.  and  two  plass  bottles  of  cor^alt  and 
pbtinum  3r>Ia:ioD.  all  of  which  standby  them^lves  in  a  rack  or  small 
f»x.  can  atso  l.-e  packed  in  the  same  b>jx.  If  other  liquid  reagenra 
are  to  I.«  carried,  it  U  best  to  keep  them  in  a  small  separate  box,  aa 
f^m^  of  them  give  off  vapors  which  are  injnriuns  to  mt;tallic  objects. 

IT.  Beagents  used  in  Qualitative  and  Quantita- 
tive Blowpipe  Analyses. 

In  bl«^wpipe  analyses,  as  in  all  chemical  examinations,  it  is  ess^^-n- 
tial  that  ti.e  n«?essary  rwigents  sLoald  be  nSrd  in  the  pareat  pos«ibl«: 
ccmdition.  and  they  wüL  thereP^re.  be  n',-t  only  ennmerated  here,  bnt 
in  cases  of  particular  impjnance.  the  necessary  remarks  on  their 
parifi-:iition.  the  signs  of  their  parity,  and  the  object  of  their  employ- 
ment will  he  mad& 

.-1.  Reagents  for  blowpipe  analyses  made  without  the  aid  of  the 
we:  process. 
a.  General  reagents. 

1.  Carhonati  of  soda.* — Both  the  carb«jnate  and  bicarbonate  may 
be  tzied  if  chemically  pore,  and  &ee  from  salphtiric  acid  in  particalar. 
Preparation. — Commercial  bicarb>:>nace  of  soda  is  pulverized,  pat  into 
a  glass  funnel  l^xieeiy  stopped  with  cotton  aLd  the  surface,  after  being 
made  even,  is  cijverwi  with  a  circle  of  doable  filter-paper,  so  that  the 
edges,  which  are  bent  upward,  lie  tight  against  the  funneL  It  is 
then  washed  by  pouring  on  a  small  quantity  of  distilled,  water  at  a 
time.  luitil  the  filtrate,  acidulated  with  nitric  acid,  ia-tot  clouded 
either  with  nitrate  of  silver  or  chloride  of  barium.  It  is  then  very 
thor»nghly  dried,  pulverized,  and  kept  in  a  woo<ien  bjx:  or  it  may 
be  converted  iub>  the  simple  carb*>nate  by  igniting  it  gently  in  a 
shallow  porcelain  dish,  or  a  p>rcelain  crocible,  over  a  spirit-lamp  wirh 
a  double  draught.  It  must  then,  however.  \j^  kept  in  a  glass-stop- 
pered bottle. 
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TVwj  nw/  Ute. — A  smnll  quantity  of  the  pnrifli-d  ealtJA  uvutrd  witti  ihrR.  F.  on  rh«r^ 
Toni,  until  if  has  sunk.  itilM  the  (.■onl.  W  Ik-h  cnl'i,  the  tput  U  cut  ont.  and  llio  mu»  laid 
on  brit'tit  ^Ivi-r  frill  iin J  moUitnwl  with  enou^rU  writer  lo  wtt  the  foil  «Im>.  If  tW-e  fh'iii 
uilphtirir  m'iil,  ihr  tiitrfiiru  ot  the  nilvi'r  rcinnitts  ttiiultcrcil,  but  U'n.  trnre  i«  pn-iiont  in  tl.p 
■«It  it  ii  ntlnntl  witli  iho  **m\k  iv  sulpliiilv  (if  roiliuiti,  l>y  the  trvülmttnt  on  conl,  and 
cnoiics  tbr  lilviT  lu  limjtnr  ycDnw,  1>riiwn,  tir  Miifk  Trum  iht  Kulpliiilc  of  «Ivrr  lorninl. 
either  very  kooii.  or  after  n  few  tninutcs- 

8urlK  M.TVM  iu(  a  test  for  »ulphuric  icid,  and  also,  in  qtikliiMtivo  and  quantltiuive 
«nalysps,  to  dprotnposc  componndR  of  ciliric,  tmigvtic.  Htid  tititak  acids,  and  to  proraore 
tlie  rednction  of  vjiriou«  mvtallic  oxittw. 

2.  Xrufral  oxnhte  of  potitam. — Binoxulate  of  pota^aa  is  dieaolvod 
ill  Witter,  neutralised  with  potosso,  filtered,  and  evapomted  to dnrneaa. 
hcinp  stirred  witli  n  jritisa  md  toward  tlic  und  of  the  op<Tntion,  while 
a  siiniciiMitly  high  rfiupemture  is  employed,  but  not  euüiiyh  to  de- 
compose the  salt.  The  dry  muss  is  pulverized  and  kept  for  use  in  a 
well-clüsed  hottle. 

Tetti  ami  lur.— Tlic  Bolatlon  of  thff  neutral  «üt  tnufil  rcmnfn  nnclotided  on  nddinK 
»nlptiiJi:  ot  iiiniiioniiini.  When  voinpletvly  ilrr,  th!»  milt,  itt  a  low  rcit  hvnl,  evülvr» 
^^»onio  oxi'le.  without  rHrlM»nip  nrid.  ami  i»,  thiirfiire.  wlinirfllity  suited  to  the  exam- 
lnn(k>n  for  amcnic.  Knd  is  hcttcr  thnn  «xl«  fw  tT<lHCtion  ttii-ny*  on  con]. 

3.  Cijantde  of  pofa»ninu. — Liebig's  mothud  is  Ui  rub  eight  parU  hy 
weight  of  ftnliydrons  ferrocyanide  of  potassinm,  free  frtitii  sulphate  of 
potus^  with  three  i«irtä  of  div  carbouute  of  piitatiäji,  und  fuse  the 
niixtme  at  a  modnrate  red  heat  in  a  covered  porcelain  crucible  until 
the  ma«s  is  clear  and  a  samplf  Laken  out  appears  quite  white.  Tli^ 
clear  mass  is  carefully  decanted  frum  \\w  line  «»eparated  iran  at  die 
Uottuni  upon  a  bright  piece  of  sheet-iroii,  and  the  solidified  salt  is 
kept  in  the  form  of  coarse  powder  in  a  glass-stoppered  bottle. 

U»*. — The  iflit  prrpnred  u  ehore  contnins  some  cynnate  of  poioah.  hot  this  do«  i 
harm.     Ii  is  chiL-fly  used  m  a  rwlücin-infct-nt,  \iv\u^  \n  ilii»iVBp«:t  iüwkvh  prtfvrabloto 
■odn.  ond  In  mntty  cases  to  oxalate  of  potanh. 

4.  Hnrnx  (hihorale  of  soda). — Commercial  rdined  borax  is  jter- 
fcclly  suited  to  bluw[iii>e  uBsays.  The  pukerized  hydratcd  salt  servos 
for  qualitative  analyses,  but  for  quantitative  iissays,  where  all  intii- 
mt-aeence  muut  be  avoided  as  far  as  iwBsible,  it  is  better  to  employ  rh»' 
boi-ax  in  the  state  rtf  gla5&  It  is  fusi-d  in  a  platinum  crucible  over  a 
ipirit-lainp  wiih  a  duuble  draught,  or  on  coal  before  the  blowpipe,  in 
tiie  0.  F.,  and  the  gla*s  hrnken  to  coaree  powder  between  paper,  or  in 
the  steel  mnrlar.  is  rnhbed  somewhat  6ner  in  the  agate  mortar  and 
kept  in  a  glass  stoppered  bt^ttle.  Impure  borax  can  he  purified  hy 
recrystalliKation  and  washing  the  crystals  in  a  glass  funnel  with  a 
little  c(dd  distilled  water,  after  which  they  are  dried  and  pulverized. 
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Tnrf«  mv/  iMv.— A  »niftll  «iTuiniitt  of  pure  bonix  melted  In  the  loop  of  b  plnlinam 
J  Wtv  ainst  not  ^irt-  a  filuix-«!  IkkcI  in  tbc  O.  F.  ur  the  l{.  F.,  anri  ilisfrolfcil  tn  «inter  it 
[  should  ;:ire  no  pircifiiiBte  wiili  cnrbonaic  nf  «»In,  und  after  nddini;  nitric  idUtoi'i 
I  x)l<iti<m  liiere  miiet  \»  no  pn-cipiljito  with  nitrntc  of  Imrjia  or  nitmte  of  «Iver. 

Borarif  arid  lias  the  piTiportv  of  c«mhiiiinir  with  oxitlc«  nt  ii  hich  it-nipenittirp,  «Irir- 
ins  t>iit  wruk  iicid»,  nn«!  uitli  llic  lid  uf  iltc  O.  F.  lit^po^intr  mrtiil.«,  nixl  «nipltrir,  and 
khiOntd  miii|touiitJj  tu  oxlJizc.  Domtc«  uf  t)ii'  uxi<le*>  result,  »liich  fuMi  ruitillly  witli 
llwnite  of  Mj^a  »nil  üirc  n  tk-nr  ;;1n^.  The  tiornx  euntiilii»,  ktiiles  Ifuratc  uf  uMa.  free 
['bornfic  »rill,  «ml  i^  IhcrelWe  inclimvi  to  tiiwotvf  Im»»'»  unH  nriii»,  nnd  to  fomi  hgiic  m 
I'woll  a*  nrid  doiiMv  «iilta,  which  nR'  nil  to  n  cortain  d<-[,'rer  finid.  Tiie«e  aiil»  fr^nemllr 
livmiiiii « Imr  «in  routing,  und  thiin  ihr  cuhir  prudiui-d  hy  llw;  eoiiiliinnliui»  with  tite  di»« 
l^nlrtd  body  i^  the  inore  clvnrly  hruiitiht  uiil  in  quiilimtive  exnniinntion«.  In  qnrtjititA- 
Iti'v'e  nswirv  it  MT*e»,  partly  alone  an«!  pArtly  in  eoittmoii  with  soda,  to  diwu^Ire  llie 
|cnrtl»  nnd  nietnllir  oxide«  of  difHcnIt  redncrton  ocvtirrine  In  tbe  on»  and  minemU.  oi 
-II  u  [o  •epurate  niriun»  metnllie  nnenidc«  frotn  one  another. 

5.  Salt   of  phot:phi>ntM  or  iiiicrorjiMmic  sail,*     (I'hosphiite  of  aotlik 
unci  ninmoniu.) — Atrt'ording  to    ßerzeliiis   this  salt,   which   \a   not 
L»twnv8  obUuiK-d  rrei-  from  chloride  of  sttdiiim,  id  beat  mode  iis  fol- 
lows :  OnP  htindnfl  \n\.xis  of  orvstjdlizpd  plmsphiitt'  of  BOtht  und  si.x- 
[tcvu  puna  af  ohli'tide  of  ammoüitim  ure  diääolved,  with  tb(?  aid  of 
bent«  in   thirty-two  part«  of  water,  und   the  boiling-hot  solntion 
[fillpi*ed  and  iiUiiwed  to  cool.     Th'.-  doiibln  salt  crvätallixe«  while  cool- 
[iiig,  Wa\in^  iu   the  sulution  chloride  of  eodiiim  and  some  of  the 
louble  salt,  which,  however,  cannot  bo  orjstallizod   out  fi^   fh>in 
[cliloride  of  siKÜum  hy  furthr-r  cvnpomting  the  mother  Iir|iior,  untl 
U'»nnotf  therffoiv.  bi*  iiBwl  for  blowpipe  exaniiiiations.    After  com- 
IpWtvly  det'ntitirig  tht*  mother  liqnor  the  m'sbils  iirc  dtic'd  between 
ffiltPr-pBpor  nnd   the   salt   kept   for  nse  in  wooden  boxes.      When 
ihentol  on  cmil  nr  plutiniun  wire  it  boils,  swidle  n  little,  and  gives  Hp 
■its  wati-T  mid   ammonia,  tearing  behind   acid   pliosphate  of  ftoda, 
rhich   melt^  quietly  und  sulidifieä  on  co<jling  to  a  clear   colorless 

TW«  »wi/  uMf. — If  the  »alt  i»  not  frw  from  chloride  of  widlnni  it  «imn-imefl  Eire»  n 

^fla«»  which  ii  not  cloar  un  eooling.  an]  when  a  little  oxld«  fif  i'0|ipert«  di<(Mdvi>d  in  the 

nit  wMcli  t«  fnwil  on  plariniim  wire,  the  ooter  flame  i»  coltnvd  liliiiv     In  thi<i  cue  H 

Ijinnii  X»  reili«t«lv*'d  in  •  little  Iwilinit  water  and  ««I  ii«d«!  lo  nt-rystalliw-     WHicii  freeil 

om  it«  wtttcr  nnd  amttionla  br  fiHi<in,  the  mit  hKU  pnnitndaHr  ihron^h  In  fr\-c  plio«- 

ph&tfc  niid.  which  exrrM  n  powerful  jwhent  fli'Tiun  on  ninny  «nhaiances  nnder  examin- 

■rion.     Tokitii;  np  all  liti^f*  it  fdrm*  with  [hem  moiv  or  Xt^s  fn^ihle  dnalile  Mltf,  ibc 

|lTiirvp«rvnL-y  nnd  color  of  which  are  chiefly  to  be  regarded.    It  «cm»  also  to  separate 

Itfae  hutei  In  lh«'  te«t  fr)r  fliiorlnc. 

While  this  «ilt  U  analoifou»  in  il«  n'tion  to  W!ionite  of  sod«,  the  (fliutM«  which  it 
iKimu  with  nictnllic  usidi»  cciicnilly  diRcr  in  ixilur  and  inlenxity  rnim  th(»c  olitained 
1  Tith  bonuL  and  the  Mine  oxides  bjr  similar  treatment. 
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6.  Xiire  (nifraie  of  pofasfa).—CommtTci&\  saltpetre  is  dissolved 
in  a  small  quantity  of  boiling  water,  and  the  boiling-hot  solution  fil- 
tered and  set  nm\e  to  cnstallize.  After  a  small  quantity  of  crystal« 
has  formed,  the  mother  liquor  is  pnurod  off  and  the  eryatals  dried 
between  filtt-r-paper  and  kept  in  wooilen  boxes. 

Nitre  serves  only  as  an  oxidizing  a^'eot. 

7.  Jiisu/pJiate  of  potassa.—'Y\\\?,  salt  can  be  ])repared  thus:  One 
part  by  wtijL'lit  of  pnre  sulphuric  acid  is  poured  over  two  parts  of 
coarsely-brokfti  crystals  of  pure  suljiluite  uf  puta.«sa  in  a  porcelain 
crucible,  wiiich  is  tlien  gnidually  lioated  over  a  spirit-lamp  until  the 
whole  forms  a  fluid  clear  as  water,  when  the  crucible  is  removed  and 
the  fluid  salt  allowed  to  cool.  It  solidifies  very  quickly,  appears  quite 
white,  and  can  he  obtained  in  one  piece  by  turning  the  crucible  over 
wlien  Cold.  The  pulverized  salt  is  preserved  for  use  in  a  glass-stop- 
pered bottle. 

ÜW. — It  i.^  u«oil  In  Ui^tli)^  for  lithium,  Ijoracic  aeid,  nitric  acid,  ilnoiioe,  bromine, 
cbloriae,  and  io(liii<>,  and  fur  dc-coüiposlng  compounds  of  titanic,  tantallc,  and  taogstte 
neifU.  It  can  also  he  used  to  scpamte  linrvlti  and  strontiu  from  theothcr  earths,  and 
various  mctiillic  oxides  bv  tlie  wvt  wav,  wlicn  tho  hlowpii«  alone  is  not  suffidenL  Tlie 
mcllioi]  of  n^in:;  it  will  \k  e^peviallv  dcacribcd  undt.T  the  »epanite  assays. 

8.  VUrified  bornric  acid. — Tliis  can  lie  obtained  from  the  chemical 
works  uf  as  good  qnality  as  it  can  be  prepared,  and  more  cheaply.  It 
is  kept  in  the  form  of  powder,  or  in  small  fragments,  in  a  tightly- 
closed  bottle. 

It  scr^'cs  in  qualitative  examination  to  detect  phosphoric  acid  in  minerals,  and  a  small 
quantity  of  cop]*cr  in  pn.-sciice  uf  much  lead.  In  quantitative  assavB  it  is  quite  indis- 
)>en!tu1il(;  in  separating  lend  from  copi>cr,  and  from  alloys  of  the  noble  metals,  which  fose 
will)  difliculty  ami  cannot  t>c  quite  freed  from  it  on  the  cupel. 

0.  Nitrafe  of  cohalt  in  sohiiion. — Pure  protoxide  of  cobalt  is  dis- 
solved in  the  necessary  quantity  of  dilute  nitric  acid,  the  Rohition 
evajiorated  to  dryness  at  a  gentle  heat,  the  dry  salt  dissolved  in  wat-er, 
and  the  ülteR'd  solution  kept,  in  a  bottle.  The  solution  should  not 
b<i  cffucentrated,  as  tliia  would  not  answer  the  purpose  in  all  cases. 
The  j)rotoxide  of  cobalt  must  be  chemically  pure,  containing  neither 
protoxide  of  nickel  nor  se?(|U!oxide  of  iron,  and  there  mnst  be  no 
p<»tassa  adhering  to  it.  Tlu-  latter  can  lie  removed  by  boiling  the 
protoxide  with  distilled  water. 

rV. — The  nitrate  of  cohalt  sH-rvr-sfnr  KTotrninn^  viirious  earths  and  metallic  oxides 
witli  H-liifli  prorrjxiile  of  cobalt  ffinns,  on  bfinj;  heated  to  n^dness  in  the  O.  F.,  com- 
IK»»iid>  lli!^lill;:ui!•ll^Ible  liv  tlivir  peculiar  colors. 

K*  only  OIK-  or  (wo  iln)p>i  tinj  ntjuireil  lor  an  a'^say  it  is  convcnit-nt  to  take  out  the 
ivquiMtc  :intount  witli  a  Hniiilt  inärniinent,  und  thu:«  moisti'n  the  sulntance  to  be  ex 
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nninpd.  This  ii  ntn«  «imply  eflt^-lcd  with  a  pUtiiiura  wire,  spoon-dhaped  at  oa« 
ctiO,  and  fin&l  in  n  cork,  or  with  a  thin  glasg  tulx*,  IiXcwIm;  fasivncd  ia  ■  cork  which 
fil»  th«  npfk  of  thp  l«ottlc.  Fiy:-  "1.  The  Uttvr  ii  vrrv  convi-nicnt, 
»iricr  ihc  mh»  act*  like  n  pipette  when  it  ts  ilipfH-d  itiTo  tlw  MihiHon 
iititl  lit«  i-oik  piTJ^^il  a  liilln  iiitu  the  mrk  of  (hi:  buttle,  the  cuttipn*»- 
«km  of  the  ttir  fun-'inc  suuic  of  the  »olution  into  ih«  lube.  On  draw- 
ing out  the  cork  und  the  filhtl  tube,  anil  closinf;  lhL>  wide  ettO  ul'  the 
latter  with   ihf  Ii»)pT,  onr.  twu,  or  Mvi'rnl  dtvps  tnay  b*  lüloweJ  to 

I  CKttfv  iriihoot  tuuching  the  Bnbstnnee  with  the  namw  end  of  the 

[lobe. 

Oil  ft  Jouroov  the  bottle  cnn  be  clowd  with  ■  glvM-sioppcr,  and 

[  the  pipette  kept  by  itself. 

10.   Trut  iead,  Rntly  {.Tiiniilated,  and  also  in  lumps,  as  livo  as  potMi- 

I  ble  from  other  dikIuIs,  partictilarly  go\d  tintl  silver. — When  the  gran- 

uliitutl  leBt  lead  can   be  obUiiued  frtim  Itiud  and  biIvlt  wurks  it  nwd 

I  only  tif  «ifted  through  (he  small  ßieve,  Fig.  ü7,  and  the  port  which 

pa^Bt'i  throngli  is  kept  in  a  vooden  box.     If  euch  lead  eannot  ho  had 

the  ni()Qimtc  amount  may  lie  prepjtred  by  reducing  tlie  lend  from  acft- 

'  late  or  sngiir  of  Ictul  with  zinc,  in  rhc  following  way:  Dissolve  sugar 

of  lead  in  a  small  quantity  of  boiling  water^  then  place  a  zinc  rod  in 

thö  filtered  wilntion,  and  after  about  six  hours,  carefnlly  detach  the 

lUL'tallic  K-ad  froui  the  rud,  bo  as  to  expose  a  fresh  surface,  repeating 

I  the  operation  every  six  hours,  until  all  tlie  lead  is  si-pamt*d  in  the 

I  metallic  state.     The  lead  is  then  parified  from  the  adlifi'etit'  acid 

[aolution,  which  contains  zinc,  by  rejwated  washing,  und  dried  be- 

I  tween  (ilttT-piiper   in  a  warm  place,  after  which  it  is  nihlied  in  a 

I  jHtrcelairi  mortar  and  the  fine  part  separated  from  the  cubereat  mass 

'  with  the  leatl  sieve. 

Test  Imd  ij  chiefly  tiscd  in  qnantllatl^-p  g:oId,  eilvcr,  «n«!  copper  iiwüiiys.    The  rolame 

,  of  ft  wri;:hcd  nmonni  of  teat  lend  prepared  fruiu  »uj^ar  of  lead  in  tu  ibo  rutuioe  of  an 

I  eqital  wriglit  of  prnniiUtcil  And  »ifted  lead  a«  »ix  ti>  five,  und  wliera  th«  former  lead  U 

ro  ltf>  »nl  by  measurement  for  AÜirrr  and  gold  assays  with  the  nicasnre,  7ig.  5S,  tnd 

not  by  weight,  then  niti^t  be  added  one  etr.  for  every  five  ctr».  in  order  to  obtain  Ih« 

I  |>rrt|irr  ut'lf;bt.     Wbcn  the  i;ntniiliil>rd  ]i.*ad  cniinot  be  cosily  obtaiticd  the  prcccdinj; 

I  n»eih<)d  with  »ngnr  of  lead  nffnril«   the  imdiest  means  of  pirpBring  pore  anti  finely 

dlrideil  test  lead. 

U.   Tin. — Oniinary   tinloil   is  used,  cut  into  long  strips  twelve 
millim.  widi'  and  rolled  up  tight. 

Ttn  MTvc«  to  pn-dni-c  ibe  tuwe.«t  deutve  of  oxidattün  in  iflnät  tiuxi-i,  panifmlarly  in 
B  of  rrillinn  (|a»ntiiic«  of  siidi  metallic  oxidua  n»  con  be  ivdaced  tu  protoxide  or  suIk 
L  Duld«)  and  in  litis  state  (ri^'e  more  conelnRire  ro«nlts.  A  little  of  the  tin  is  cut  off,  liiid 
tdlreclly  acalm^  llie  ulnf^  bead  and  quickly  lilted,  for  n  moment  only,  in  the  K.  K. 
I  Aftrr  Mildin»  lite  tin  the  hbL«t  raujit  imt  tie  kept  iip  too  Ion«;,  partly  hocause  the  tin  wilt 
I  enfirvly  ralinc  mnny  metaU  which  sliould  only  1«  !imii;:ht  to  ihe  (owe«  BWte  of  oxi- 
I  dntiuii.  and  ihui  rccojpitted  by  the  color  of  the  glaia,  and  ponly  becanne  «  mnch  tin 
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may  be  dis^lvcd,  opc^-Ullr  with  S-  Ph.  that  the  ffloss  becomefl  quite  op«<iae,  whtf» 

uputt  the  tvactiuQ  <lüa]){jcflr»  imttrelv. 

l*i.  Iron-,  us  fine  piano  vriru,  aud  Also  wire  as  thick  as  a  moderately 
course  knitting-iiewllp. 

Tlip  finv  win;  serres  iti  the  tpst  for  pbospboric  acid,  while  the  itoat  wire  if  lued  fo 
iIr'  ttn&litativ«  test  for  nntimuny  Mid  in  the  qn«ndtiitiTe  lead  assay. 

I*J.  *S*(7i-ffr. 

A  '-niftll  pk«c  of  shürl  «ilivr  \*  ujx'iI  in  n-itrtion«  Tor  snlphide  of  aadinm  or  Mill)!« 
liiif|ihiili'A  It  it  aliH)  ntjutn-d  iri  tunnv  i|uanntaUTe  i^lil  aHsav«  anil  can  bo  bed 
irOtu-inl  li-i>iii  otiioriile  of  »ilvvr.  bciiij;  liauimered  and  rolled  into  a  thin  sheet  fn>iu  which 
the  desired  timuuTit  mny  bu  eiLailjr  cut. 

14.  Got(f,  in  email  bnitohs,  up  to  eighty  milligr.  in  weight,  or  a» 
foil — It  may  Ik*  had  pure  by  diesolving  gold  coin  in  nitro-mnriatic 
acid,  diluting  the  solution  pn>]>erly  with  water  and  letting  it  stand 
nntil  It  is  clear  and  the  small  umonnt  of  chloride  of  silver  has  set- 
tled, when  it  is  altered,  und  the  gold  precipiUitcd  with  eulpliat«  of 
irt>n.  After  the  Hnely-divided  gohl  has  st-ttled,  it  is  collected  on  a 
liltor,  wi'll  washed,  dried,  und  gently  ignited.  It  is  best  to  ignite  the 
(liter  separately.  Fnvm  this  gold,  buttons  of  any  desired  size  can  be 
made  by  fnaioti  on  coal  with  a  little  borax. 

Gold  serve»  in  maiiy  ivdactiüQ  awajs  to  cullcct  »mull  qflunlitic*  of  reduced  metals, 
wbii;h  arc  to  be  simply  Boparated,  or  reco^ized,  or  else,  as  in  rVeqaenily  tbe  oue^  are  lo 
be  qnatititativcly  determined,  viz.,  copper  and  nickel. 

15.  Arsenic  In  the  metallic  state. — If  it  cannot  be  puroliasedf 
powdered  mispickel  is  treated  in  u  glass  retort  provided  with  a 
receiver,  as  long  as  a  snblimate  of  metallic  arsenic  collect«  on  th« 
neck  of  the  retort.  When  «ihi,  the  retort  is  broken  anti  the  arsenic 
which  has  collected  towai-d  the  end  and  is  free  ttom  sulphur  is  kept 
for  use. 

Ilacrres  in  the  nickel  and  cobalt  a«say«  to  conrcrt  tbe  metallic  oxides  into  nracnidoa. 

b.  Special  reaffmis  used  only  in  certain  examinaiiont. 

1.  Teit  papers  of  blue  aud  red  litmus  and  Braxil-wood  paper  out 
into  small  strips. — The  paper  is  colored  in  the  following  way: 

a.  Blue  litmus  paper. — One  part  of  litmus,  of  the  beat  quality,  is 
rubbed  to  a  ooai'se  powder  aud  mixed  with  water  to  a  paste,  which  la 
tied  up  in  a  bag  of  fine  linen  aud  hung  in  a  vessel  containing  ten 
times  as  much  boiling  water  as  the  weight  of  the  litmus  employed. 
Tlie  coloring  matter  is  extracted,  forming  a  solution  which  is  poured 
into  a  porcelain  dish,  and  the  strips  of  paper,  after  being  drawn 
through  it  with  a  glass  rod,  are  hung  upon  a  cord  to  dry,  in  a  shaded 
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fpliKV»  free  from  dast.    Fine  filter-paper  in  strips  two  inches  wide  is 
best  BuiteA  for  this  purjn)?*. 

A,  Red  litmus  paper. — A  litmus  salution  prepared  as  ulxiye  18  red- 
denerl  with  the  U'ost  posäibfe  nniount  of  dilute  siilpburic  »cid.  added 

»very  gmdually  while  the  liquid  is  strongly  stirred,  8o  tliÄt  no  more 
«cid  is  added  than  is  exactly  necessary,  as  otherwise  the  paper  is  uot 
sensitive  enough.    The  piipt-r  is  then  pn;pared  ah  hefore. 
€.  firatil'H'ood  papfr. — Shavings  of  Bnizil-wood  are  boiled   in  a 

Igluss  flask  with  water,  the  liqnid  decanted  from  the  shavings  and 
j}a|>er  oohired  with  it  in  the  same  way  as  with  the  litmns  cxtrart. 
t.V. — Bine  litmus  pa^ipr  iü  n«cd  Tur  rtro^inniz:  five  artdn;  r^d  litma«  paper  in  .1 
■OHeitire  reaj;mt  for  free  nlkaJi««.    BruciUwood  p«pcr  U  nwd  «peciallr  in  the  test  fut 
ftnohydric  «rid,  which  imparls  to  i(  fl  yclU>w  color. 

%  Antimonate    0/ pofa-fta,  in  a  pnlvprized  state.— One  part   of 

Iftntimony  is  mixed  with  six  part«  of  nitre  and  deflagrated  in  a  red- 
hot  Hay  enicible.  The  reuniting  müü&  is  pulverized,  lixiviated  with 
cold  water,  and  then  treated  with  water  at  a  boiling  beat,  which  dis- 
•oWes  the  nentral  antimonnte  of  potassu,  and  an  r^;id  salt  remains. 
Tlie  golntiun  of  thf  neutral  salt  is  sepiiratfd  fmm  the  n-sidue  by 
filtration,  evaporated  to  dryness,  and  the  dry  salt  heated  atrongly- 
Kantil  it  is  quite  fVee  from  water  and  has  8Si;umed  a  whit«  color.  It 
^is  pnlvi-rized  while  wann  and  preserved  in  a  wfll-t'loscd  bottle. 

ill  Is  cmpkiTiM  tn  dptccl  Kmoll  (|tituittti(-s  of  airtwn  m  romponnl  boilir«.  Wh?n 
if^iiit^'l  K"!!')  them  it  vicIdA  o:(ri;cn  to  the  cnrbon,  formiaj,'' carbonat«  ofpoUMii,  which 
pivr«  up  iu  carbunic  ncld  in  the  fonn  of  gmj  wh«n  dissolrcd  in  water,  and  dooompiMied 
ty  nitric  add  while  ftUI  qaite  wann. 
3.  Common  Antt^  or  rock  salt  (chloric  of  mdiiim)',  decrepit« teil, 
or  ftiwd  and  powdered. 
Iu  BSC  It  rcrr  limited,  bot  it  is  employed  wfth  advantago  ac  a  cover  Ibr  the  nec«^ 
Mry  charge»  in  qunntitittive  lead,  bistnuih,  tiQ,  niokel,  and  cobalt  aMan,  when  they 
are  ftiivd  in  clay  cnicibte«. 

4.  Fiwur  spar,  heated  to  redness  and  kept  in  a  wooden  box. — It 

Imast  be  quite  free  from  boracic  acid,  which,  according  to  Kerstm,  is 
Tiot  always  the  casei.  When  mixed,  therefore,  with  bisulphate  of 
jmtosHa  and  i^ged  on  platinum  wire,  in  the  hlne  flume,  it  must  not 
rolor  the  outer  flame  green- 
It  KfTQA,  En  cotinwtloii  with  bUulphatc  of  potossa,  to  deitct  lithinm  and  bomde 
arid  in  compoands. 

5,  Quartz  {fiUde  ffnrf),— Pure  silicic  acid,  separated  from  the  sil- 
hwitos  in  the  course  of  chemical  an.ilysis,  may  be  used,  provided  it 
[has  A  jierfectiy  white  color  after  ignition.     Rock  crystal  may  also  be 
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UBctl,  U?iii2  ix>ar»ely  powdi-red  between  pjipcr  and  then  pnlvi-m 
m  uri  uguti-  mortar. 

Fii«cd  to  a  gUu  with  sodn  It  ttrtea  to  te^t  «ati«uaon  for  mlpbaric  ftcid,  had,  in 
romliinjiuiin  with  soda  und  tiomx,  to  •■.■parnte  tin  fmm  tnpper;  aisa  rreqnently,  in  cuo- 
ncctioo  with  soda,  to  tect  for  pliosphoric  iu.-i<l. 

0.  Oxiiie  of  copper^ — It  is  most  simply  prepared  by  dissolving 
pUie  copper  in  nitric  acid,  evaporating  to  dryness,  and  gradually 
heating  Mic  dry  muftg  to  a  i^troiig  red  lieat  in  n  thin  purc«lain  di^h. 

It  Mires  chkdy  to  detect  imall  quanittlos  or  chlorine  in  compoDDds. 

7.  Oxalate  of  nickel. — Protoxide  of  nickel,  quite  ft«e  from  cobalt 
and  iron,  is  dissolved  in  hydrochloric  acid,  the  solution  evaporated 
to  dryness  on  u  watcr-butb.  the  dry  mass  dissolved  in  water,  filtered, 
and  the  oxide  of  nickel  precipitawd  with  oxalic  acid.  The  precipi- 
tate is  dried  and  kept  for  use.  U  serves  to  detect  potassa  in  certain 
rases. 

8.  ChloricU  qfsittitrt  in  the  form  of  a  thick  pastu. 

It  tervw  lo  produce  ccrtdn  ooloNd  Siimc«  which  appur  moiv  distinct  wttb  U  t)i«ii 
with  h^drorhlurie  «eld. 

9.  Starch  meal. 

It  Kti  »  t  r«du<JnK  ifrfnt  in  quantitativ«  lead,  biimuth,  tin,  nickel,  and  cobalt 
ajoaj's,  when  ibcy  arc  Tuscd  with  curlKiuati*  uf  potuaa  and  autla  in  cla;  crucitile*. 

10.  Graphite. — Commercial  graphite  is  often  very  impure,  nsually 
containing  many  earthy  particles,  and  cannot  then  be  used  for  blow- 
pipe assays.  A  piece  must  be  souglit  wliiob  ie  soft,  but  not  scaly 
and  himellar,  for  snch  graphite  burns  with  dißicnlty.  It  is  pnlver- 
lEed  and  its  purity  tested  by  burning  a  little  of  the  powder  in  a  clay 
capsule.  When  a  pure  piece  cannot  be  obtained  the  impure  graphite 
10  pnrifiod  in  the  following  way:  After  being  pulverized  as  fine  aa 
possible  it  is  mixed  with  twice  its  volume  of  carbonate  of  pouaaa 
und  heated  to  redness  in  a  covered  clay  crucible.  The  heated  mass 
is  then  powdered  and  boiled  with  water,  and  any  admixtnrc  of  quartz 
thus  removed  with  the  alkali;  by  heating  the  remaining  graphite 
with  dilute  nitric  acid  the  iron  and  earths  can  he  dissolved  and 
separated  by  filtration  and  thorough  washing.  The  graphite  which 
n>mnins  is  thoroughly  dried  and  kept  for  use.  [The  graphite  oli- 
taiiunl  by  »craping  rod  lead  pencils  of  tlie  finest  quality  answers 
every  purpose. — ^Transl.] 

Pan.  Terr  Aaelj  divided  in^phite  mvtw  wall  as  an  addtiioa  In  Toantng  mbstancca 
joetainios  folphar  or  anraic  in  which  tfaa  ooppcr  is  to  be  quantiutirel/  detrrminod. 


REAäBlTTS   Ü8ED  TN  BLOWPIPE   A17ALT6E6. 


53 


11.  A  fnuch'Sfione  for  testing  the  pri'cioua  meLals  and  their  alloys. — 
It  consists  of  hard  black  buäult  or  flinty  jasper  ground  amooth.  The 
DK'UUlic  streaks  »re  remuved  by  smearing  the  fitone  with  a  little  oil 
und  nibbing  it  villi  charcouU  aüi^r  which  the  surfaoe  is  wiped  off 
and  api'*:-ars  clean  and  quite  black  again. 

B.  Iteugent«  for  blowpipe  analye«»  which  are  performed  with  tbu 
aid  of  the  wot  process. 
a.  General  Heugeuts. 
1.  ÄM(f/»A«ric  ociW,  concpntrated. 

If  tenres  to  XnwaAty  the  rvactiüiis  of  bor&cic  nod  phosphoric  Mids  in  the  outer  flune, 
[  with  »«iMtancM  conuiDini*  those  acids;  to  rlccompcwt  mnnj'  cotnpoumU  uf  fltiurin«, 
utiJ  In  ttt*9  cxmuiutlion  fiir  nntenit:.     It  u  um-iI  in  a  ditiitc  «liile  to  <l«tuct  WmOj  nodei 
(TTtAiii  «iirtiDuUiiccs,  «nü  alto  to  M^pitrate  barjia  nnil  »litmUa  frum  other  carlbi. 

%  yUrie  aciät  chemically  pure. 

It  U  ami  lo  f>eroxidUc  proioxide  of  Iran  in  wlationa,  lo  scpiLrate  tilrer  fix}ni  ifold, 
and  is  of  uHvantdfic  In  other  cap««. 

3.  Ut/droc/tiork  acUi. 

It  fcrrt«  lo  delect  snuill  qauiiiucs  of  nmioonia  in  Bolu ;  the  BinmoolB  being  Mt  f^ 
'  hj  warn,  nndrr  the  intlaonrv  of  hrnt,  and  bmiighl  into  contact  n-ith  a  gUw  rod  mollt- 
^  «ncd  i«itb  (hr  acid,  wlu-n  n  white  riond  15  produced.  It  aluo  tcnn  to  detect  urboiue 
Lacid  fai  iHimpuiitidü  »ohililc  in  hjrtlrrH-litoric  iicid.  Piirihcr,  to  diKM)t\'(>  Yarious  earthy 
IwÜM,  to  •IcctirapoiK  manr  sillcaled,  ihc  baM-A  of  whirh  cahdoi  be  ccrtaiidv  detoriDiDed 

hx  the  btnwpi|)e  alone,  and  finallf,  in  the  quaatiiativo  thi  asaay,  to  separate  various 

taetallir  oxides  from  the  roasted  tin  orv. 

4.  Acttic  add. 

Tetia  nmt  uv. — Acftatp  of  barria  musi  nut  cnn»e  any  cloudiness.  It  b  onljr  twed  In 
examininj^  compound  substances  for  chromic,  vaiiadic,  and  phuapboric  acids. 

6.  Oxalic  acid. 

When  dissolved  it  wmss  to  precipitate  time  from  an  ammoniacnl  liquid,  and  to  sqw* 
nur  xttvoniii.sesqutuxideof  iron,  and  tcaquioxideof  unnium  from  yttria  and  the  oxides 
ufo-rium  aa<l  lantlianura.     It  can  alio  be  oacd  to  rcduc«  ^jplil  diaäolvcil  in  »qua  re^Ia. 

6.  Caustic  pota^it,  in  solution. — It  cao  be  carried  in  the  solid 
state  during  a  trip  and  dissolved  in  the  necessary  amount  of  water 
when  used.  The  commercial  potash,  not  always  quite  free  from  alu 
f  mina,  may  be  ]>nrified  by  dissolving  it  in  absolute'  altwhol,  decanting 
the  solution  from  the  rcsidite,  and  conc^-ntrating  it  in  a  silver  vesjiel 
until  it  forms  a  glowing  fluid  mass,  which  is  then  poured  on  cold, 
clcnn  eheot-iron,  and  after  solidifying,  preserved  in  a  glass-stoppered 
bottJe. 

Diawlvcd  hi  water  It  lerTu  to  Mrparflte  alnmlna  and  gludnafrom  th«  KMiuJoxidc» 
of  imn,  manjrnne««,  and  rhmroinm,  after  they  have  all  bera  precifrftatcd  from  ibeit 
,  wlatifHtfl  br  ammonia  and  thoroughly  wasbod. 
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Z-  Ammtmia. 

T^mJmm^-Ummat%KbKbvm€mto6k  vid.  M  thrt  ■  «iMiaa  of  eUarili «« 

r«W— — i»  1—4— aa  doiliDc»»,  ty  iWformtkm  «ifc«tw»C»«l  ttt:.  ll  ü  tur! 
!■  Mpw|ifi  flMl^Mt,  «itli  tlH  aid  of  Ute  «M  pmc— a,  «Wn  th>  «^bbmb  euthi  ut  k 
he  AcHend  i»  BBWyiiiadi,  i»  the  (wrpow  of  wpotrntinf  «IbkId«,  ^>dBli»  TWii.  »»1 
tt»  «MQiianfe  «i  cfcrwi—,  iron,  etc-,  Irura  line,  magßaä»,  wad  fnuaüA»  ot  wn^ 
ipM—  la  —Ilk—.  »Udi  la  luui;  cuo  mau  oootala  frw  hydioAlortB  add  or 
f    II     f  ■■■[Ilium 

&.  Car^onaU  of  emtmonia. — ^It  ü  kept  in  s  powdered  stale  in  b 
gla»-stoppured  buttle. 

IHwulved  iu  «Kicr  it  ■erne«,  ia  uialrfcA  whicfa  caaavt  be  pesfanaed  «iih  oeitttaif 
ttcfcR  tlie  blowpipe  aluoe.  lo  trpafau  gladna  Amb  alonnaa.  astl  MsquioxUe  at 
BrantBOi  from  MMiuioxide  of  iroD,  in  the  «el  wajr.  It  b  bUu  MxUed  tu  tbs  w«t«r  a«el 
in  wubing  prmphitml  pho^haie  of  «lOfiMKiia  and  anagneaia.  aad  ia  tmfhntA  b 
RiutiBg  aiau;r  iiumuttiadre  aMja,  lo  ieaue  tbt  dnwpcriiioQ  of  ecruin  BcxaOk 
Mtlphatea. 

0.  BicMoritle  ofpUitinum. — It  is  prepared  by  warming  very  tfaiu 
bits  of  platinum  witb  twice  tbeir  weight  of  hydrvK'bluric  acid  and 
»ilfHng  nitric  acid  liv  dr>.*pe  nutll  all  'u  dlswlvod.  To  remove  the 
frt'O  aoid  the  liquid  iß  can-fully  evaporated  to  drynefie,  the  bruWü  rc*- 
idae  dissolved  in  water,  filtered»  and  kept  in  tbi^  state.  It  must  not 
l»e  too  dilute. 

It  is  the  b(!*t  reacvnt  ia  tbe  wet  wajr  for  potaasa,  wlwa  occurring  iu  trifliap  qaaatt* 
rie*  in  comiwandii  wJib  loda  or  Ittbio. 

10.  Distilled  «"a/w.— When  die  aid  of  the  wet  way  is  n'qaired, 
ilistilled  water  must  always  be  at  hand.  Evaporated  on  platintuu 
foil  it  muBt  Icttve  no  residue,  and  xavL&t  not  be  rciider^d  cloudy  b; 
Bults  of  bariam  or  silver. 

b.  iS^ial  reagents  of  limited  use. 

1.  Tartaric  acid,  in  a  crystullizcd  state. — It  is  kept  in  a  wooden 
box,  und  ifl  used  in  the  B«?paration  of  iron  from  yttria  and  lirconia 
liv  sulphide  of  ammonium. 

'2.  Cnrbmutit  of  potassa, — It  is  kept  in  the  dry  state  in  a  glaai- 
8toppere<l  bottle. 

Tt  rrptacM  HxU  In  tbe  qiuUtiatfre  t»t  ibr  tantnlk  and  niobic  adds,  ud  may  aln  be 
itanl  in  ointncction  with  «oda  for  quantitative  aBsavs  tliat  tnnst  be  foaed  in  oUjr  crncj- 
blaa. 

3.  Ktnitral  mlphai«  ofpotasna,  in  small  crystalline  crusts. — It  is 
obtained  (]uite  pare  (torn  the  apotbecariea,  and  kept  in  a  wooden 
box. 
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qovntly  craploTod  to  dct«ct  sirconia  Rnd  to  separate  fli»  oxides  of  cerium, 
IhnihaBani,  aiul  (li'Jytnioa)  from  otber  bodice  bj  thewet  wuy,  when  the  bloirpip«  alon« 
u  Out  «ufluienL 

i.  Chloride  of  amtnonium  {ssl  amMuniae)* — It  \a  obtulued  quite 
pui¥  Trom  the  u]X)thecaries,  but  may  be  redissolved  iu  hot  water, 
tilu.-redf  uud  act  iitnde  to  recryätallize.  After  decouting  the  mother 
liquor  the  crystaU  are  dried  bettreeu  lilter-paper  aod  kept  in  a 
woodfii  box. 

It  H  nfed  only  in  lb«  aiM/  for  gold  when  pUiinam  or  iridium  tn  to  be  w^Mmted. 

5.  Mohjbdttte  of  itmmonia. — It'  may  be  prepared  by  polveriziug 
I  mohlKleiiiie  as  finely  as  poesible  aud  roaeting  it  iu  u  email  and  quite 
■hftllow  di^h  iif  platinnm  or  sheet-iron,  at  a  moderate  heat,  orer  a 
gaa-lamp,  or  spirit-lamp  with  a  double  draughty  until  the  |K>wder 
becomes  yellow  and  is  mostly  converted  into  molybdic  acid,  which 
turns  yellowish-wliitc  on  coolin;^.  It  is  then  digested  fur  some  time 
with  ammonia,  which  extracts  the  molybdic  acid,  forming  molybdute 
of  ammonia,  and  this  is  separated  from  the  residue  of  undeoompoBed 
molyhdmite  and  binoxide  of  molybjenam,  evaporated  to  dryncas, 
aud  kept  for  use.  The  residue  may  be  again  roasted  aud  treated 
with  ammonia. 

Motvbdate  of  amtnoaia  diBolved  In  w»ter  it  the  mo«  delicate  rcagvat  for  pho*- 
phoric  «dd. 

fl.  Fcrrocyanide  of  potassium. — This  may  be  kept  in  the  erystal- 
lizea  state  and  the  requiäite  quantity  dissulved  iu  eight  or  ten  parU 
of  water  when  used. 

It  5crv&<i  to  detect  k  wrr  trifling  «mount  of  iron  in  Biibstonces  rontminint;  chn>iuiuin 
Mid  vsoüdiuin,  «Ik»  Uivy  Law  bcua  pa-viüu»)v  fuMn]  with  Usulptiitu  of  potusa. 

7.  tSulphide  of  ammoniunu — Pnre  caustic  ammonia  is  diluted  with 
an  eqoal  volume  of  water,  and  hydrosulphiiric  acid  gas  conduct^^ 
into  it  until  a  solution  of  stUpliate  of  maj^nesia  mixed  with  a  p4>rtiua 
of  it  remains  perfectly  clear.  This  test  is  necessary  to  ascertain 
whether  the  ammonia  is  quite  saturated.  The  snlphido  of  ammo- 
niam  thus  made  is  kept  in  a  glass-stoppered  bottle,  over  which  is 
fiisteocd  a  piece  of  bladder  or  thin  caoutchoua 

It  is  OMd  to  Mpanle  protoxide  of  manenneK  and  cobalt  from  mafneila,  »sqai- 
oxid«üf  iron  froinyttria,  md  tun^tic  acid  from  taiiuUic  and  tiioliic  acids,  t*  will  b« 
deiaribed  m  the  rarioos  wet  an«lj'»cH. 

8.  Sulphate  of  protoxide  of  rron-^-To  preserve  this  salt  without 
the  funuation  of  sulphate  of  tJie  sesqnioxide,  the  purest  protosnl- 
phate  of  iron  is  dissolved,  according  to  Otto,  in  boiling  wat«r,  the 
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Bolntion  boiled  with  metallic  iron,  filtered  while  qaite  hot,  and  alco 
hoi  added,  stirring  the  solution  meanwhile.  On  cooling  a  Bait,  per- 
fectly free  from  sesquioxide,  separatee  in  small  crystals,  which  are 
collected  on  a  filter  and  washed  with  alcohol,  the  fnnnel  being 
covered  over  after  each  fresh  portion  is  poured  on.  After  first  free- 
ing the  purified  salt  from  most  of  the  adherent  fluid  between  filter^ 
paper,  it  is  wrapped  in  the  same  kind  of  paper,  dried  in  a  moderately 
warm  place,  and  preserved  in  a  bottle. 

Dissolved  in  water  it  serves  in  many  cases  to  predinute  gold  fiom  iti  Bolntkm  in 
aqaa  regia,  since  it  has  a  rcdncin};  action.  There  are  other  agents  for  precipitating 
gold,  such  as  oxalic  acid,  tcrchloride  of  antimony,  etc.,  but  inlidiate  of  iion  is  quite 
anfiBcient  for  blowpipe  assays. 

9.  Sulphate  of  copper. 

It  is  of  Teiy  limited  use,  but  is  frequently  employed  with  adrantage  to  detect 
chlorine  in  compounds.    It  is  kept  in  the  shape  of  coarse  powder  in  a  wooden  box. 

10.  Acetate  of  lead,  kept  in  the  crystalline  state  in  a  wooden  box. 

It  is  used  in  testing  for  chromium,  vanadium,  and  phosphoric  add,  when  the  wet 
way  is  partially  neoeasary. 

11.  Infusion  of  galls. — One  part  of  coarsely-powdered  galls  is 
digested  for  twenty-foiir  hours  with  six  parts  of  alcohol,  the  liquid 
decanted,  and  the  residue  pressed  out;  both  solutions  are  then 
mixed,  filtered,  and  the  clear  fluid  kept  in  a  well-closed  bottle. 

It  lerKs  to  distinguish  tantalic  from  niobic  acid,  as  will  ke  giren  nnder  the  examin* 
ation  for  tantalum  and  niobium. 

12.  Absolute  alcohol 

It  is  upcd  with  bichloride  of  platinnm  in  testing  silicates  for  potassa,  and  is  also 
required  in  the  examination  for  baryta  and  strontia,  both  to  distingnidi  theae  euthi 
and  to  separate  them  from  one  another. 

13.  Cldoride  of  mercury  {corrosive  sublimate). 
It  is  on^  used  in  the  quantitadve  chromium  assay. 
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General  Rules. 

General  rules,  according  to  which  the  behairior  oi 
minerals  and  other  substances  before  the  blo\^ipe 
can  be  determined,  and  a  considerable  proportion  oi 
their  constituents  discovered. 


The  behavlur  of  a  substancie  before  the  blowpipe  la  tested  partly 
withuut  and  partly  with  reagents.    The  testiug  without  reagents  is 
ipertV  rniwl : — 

1.  In  a  small  glass  matrass,  or  a  closed  tnbe,  to  learn  whether  the 
aobstanoe  decrepitates  when  heated,  or  yields  volatile  coustitneiits 
which  may  be  recugiiized,  thus  frequently  giving  iiidicatious  of  the 
CüinpuäiLtou  uf  the  sobsLsuoe. 

2.  In  an  open  tube,  to  detect  constituents  which  oxidize  and  vola- 
tilize ou  ignition  with  ocoe^  of  air. 

3.  Ün  coal,  tu  observe  what  alterations  the  substance  nuderguee 
iu  the  0.  R  and  R.  F.,  and  wliether  metallic  eonstiiuents  become 
Tolatikv  oxidizitig  and  terming  u  cuat  uu  the  coal,  by  which  they 
may  be  recognized,  etc. 

[  4.  Kithcr  in  the  iihiiinum  forwps,  or,  if  the  siibstiLnce  is  an  easily 
fusible  aalt,  iu  the  loop  of  a  platinum  wire,  partly  to  learn  the  fusi- 
bility of  the  substance,  and  partly  to  learu  whether  it  colors  the 
outer  flame,  and  how. 

The  testing  with  reagents  is  performed  partly  ou  platinum  wire 
and  partly  on  coal.  As  regards  the  amount  or  size  of  the  substance 
to  be  test*.-d,  it  can  only  be  generally  ri'marked  that  fur  testing  in 
matra&fres  and  tubes,  too  little  should  nut  be  used,  \\hilt'  in  testing 

I  the  fusibility  and  color  of  the  flame  only  very  small  spliutera  or 
pieces  sltould  be  taken,  and  the  same  is  true  iu  testing  äubstances 
coiituiiiiug  metallic  oxides  with  borax  and  salt  of  phosphonis. 

It  if  adruiibl«  to  place  the  blowpipe- jamp  on  a  shwt  of  white  pHpvr  on  the  tabi«. 
^Iwtli  to  pTulect  the  Utter  and  to  keep  the  mbstanees  whkh  mtj  fall  from  bciag 
1  Rn<Ien?d  imparc,  while  thuy  cno  alto  be  note  esnijr  fband  aenia- 
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a.  Examinatfon  of  th«  labaUnc«  without  r«ag«uti. 

1.  Testing  ix  a  small  katbass,  or  in  a  closed  glass  tube. 

When  the  substance  seems  free  from  inorganic  combustible  bodies, 
like  gnlphnr,  arsenic,  etc.,  a  suitable  quantity  of  it  ia  pnt  into  a 
matmsä,  Fig.  26,  A ;  if  such  bodies  are  present,  however,  then  a  closed 
tube,  Fig.  26,  B,  is  employed,  which  must  not  be  too  wide,  so  that  the 
suhstuDce  is  surrounded  with  as  little  air  us  possible,  and  no  oxi(b- 
tion  of  the  combustible  bodies  may  eusue.  In  both  cases  the  assay 
is  heated  in  the  flumi::  of  the  spirit-lamp,  at  first  gently,  and  then  to 
redness  if  necessan*.  while  all  the  phenomena  are  noted.  The  most 
usual  phenomena  occurring  in  such  a  test  are  illustrated  by  example» 
in  the  following  pages. 

Examination  of  the  substance  by  iisdf  in  a  stnaJl  matrass* 

Here  belong  salts  and  similar  compounds,  silicates  and  alnminatM^ 
hydrates,  and  metallic  oxides  with  their  compounds. 

o.  The  substance  when  heated  is  altered  in  shape  or  condition; 
decrepitates  {e.  g.,  barite,flvorite,  calcite,  and  many  other  mineral») : 
phosphoresces  {fluorite,  especially  the  green  variety,  apatite,  certain 
calcitesj  hatmotome,  cyanite) ;  appears  to  glow  as  if  on  fire  (ffiassy 
fjadoUnite,  orthite,  samarskite,  etc.);  or  changes  its  color,  which 
reappears  in  many  cases  on  cooling,  while  nothing  seems  to  volatilise 
except,  perhaps,  a  little  water  {zincife,  titanic  acid,  ceruaeitey  virhich 
turns  yellow,  malachite,  siderite,  oxide  of  zinc,  which  becomes  tran- 
siently yellow). 

ß.  The  S.  does  not  appear  to  alter,  but,  after  longer  and  moro 
intense  ignition,  yields  volatile  constituents.  Thus,  many  peroxides 
evolve  oxygen,  which  may  be  easily  recognized  by  placing  a  splinter 
of  charcoal  on  the  assay,  when  the  coal  suddenly  enters  into  active 
ignition  on  being  sufficiently  heated.  Hydrates^  hydrous  silicates, 
or  substances  which  contain  water  mechanically  combined,  yield 
water,  which  collects  in  the  neck  of  the  matrass.  In  case  they 
also  contain  sulphuric  acid  or  fluorine  and  are  decomposed  by  heat» 
the  water  has  an  acid  reaction  on  litmus  or  Bnizil-wood  paper,  after 
strong  ignition ;  iii  the  presence  of  a  decomposable  metallic  fiaoride, 
hydroiluoric  acid  is  also  formed,  wliioh  attacks  the  glass  at  a  short 
distance  from  the  assay  aud  renders  it  dull. 

y.  The  S.  fuses  without  yielding  water,  and  boils  when  strongly 
heated. — Certain    chlorates,  bromates,   and    iodates. — The    oxygen 
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evolved  reig^ailes  a  glowing  aplioter  iiilrotliiccd  into  the  mnlrusä, 
or  canses  a  deflagration  when  coal  dnst  is  thrown  on  the  melting 
suit,     yitratf  of  poiattm.  und  ttoda  behave  similarly. 

0.  ITie  S.  fuse«,  yields  much  water,  which  collects  in  the  neck,  and 

becomes  solid  again, — Salt»  confaining  much  ivater  0/  eritatnmtaiion. 

I  — After  drying  the  ru-ck  with  iMipt^r,  u  strip  of  lilnui«  paper  ia  tntro- 

ilnct'd  anil  the  S.  more  strongly  heated.     Many  kiUü  with  weak  buses. 

.  Bfi  aluniintu  eeetjuioxide  uf  iron,  etc^  are  dfcompused  at  a  red  heal, 

[  yielding  a  more  or  less  acid  reaction,  and  someiinicB  clouding  the 

glass  uhiive  the  tissuy.     The  lit»eruted  acids  may  also  sometimes  be 

ivcogiiizcd  by  their  oilor. 

s.  The  S.  fuses  and  yields  acid. — Atitl  nalhy  Ihe  acids  of  nhich  are 
volatile  when  in  a  pure  or  hydralcd  tUalc. — The  eseupiug  eicfSs  of 
jiMcid  retldcns  litmus  paper.     Among  the  neutral  salts  with  volatile 
'  ncids  only,  the  nitrates  and  hyposulphati-s  are  generally  decompo5ed  ; 
the  former  yield  yellowish-rtd  nitrous  ncid  gas^  and  the  latter  color- 
less sulphurous  acid.     In  certain  cases  metallic  fluorides  yield  more 
[or  lesäj  hydrofluoric  acid,  especially  when   tht*  compound  contains 
water,  and  part  of  tlie  fluorine  is  combined  with  a  weak  base  like 
I  aluminium.     Should  violet  vupors,  with  an  odor  of  ii>dine,  appear, 
1  they  indicate  froe  iodine. 

^.  Charring  takes  place,  sometimes  accompanied  by  intamescence 

[find  often  with  a  burnt  or  bituminous  odor. —  Organic  substances, — 

If  the  cold,  charrod  residue  effVrvesces  with  ncids,  this  indicates  a 

[combiuatiou   of  alkalies  or  alkuliue  earths  with  the   organic  ncidi 

rin  the  substance.    Certain  organic  acids  can  be  at  the  same  time 

detected  by  the  odor  evolved  while  charring;  us  tartai'ic  acid,  bon- 

>  xtiic  acid,  etc     The  presence  of  cyanogen  comp*m;ids  is  shown  hj 

'  the  odor  of  faydrocyanio  acid  evolved  on  adding  hydrochloric  acid. 

>ik>roetimes  on  heating  nitro^nons  substances  ammonia  is  formed, 

which  can  be  detected  by  red  litmus  paper  or  a  rod  dipped  iii  hydro- 

i  chloric  acid. 

n.  The  substance  sublimes  and  condenses  in  the  neck. — Most  owi- 

moniacal  salta^  which  either  sublime  entirely,  or,  if  combined  with 

a  non-volatile  acid,  simply  yield  ammonia ;  protochloi'ide  ofnurcury, 

which  first  fnses  and  then  sublimes;  stibchloride  of  mercury,  which 

I  sublimes  without  fusing,  becoming  yellowish,  but  on  cooling  ia  white 

I  again  ;  chloride  of  lead,  which  ftisea  to  a  dark,  yellow  linid,  sublimes 

.  |»rtially,  and  becomes  opaque  and  white  on  oootiug;  oxide  of  anti- 

Imony,   which   first  fuses  to  a  yellow  fluid  and   then  sublimes  in 

lustrous  needles,  unless  mure  highly  oxidized  by  the  enclosed  air; 

arsenous  acidi  which  sublimes  very  easily  and  condenses  in  a  crystal- 
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liar  itet«;  trUnr&^tif  an'dy  re^nbling  oiide  of  adt:monj,  *' 

bing  vitb  tmr  rnon?  iltfRcnltr,  «id  furming  no  crrstallinf 

oMWi«;  aeitL  sahMming  in  white  drop«,  and  erolTing  *  ppnetnting, 

ettrmwlj  diMgnTable  odor;  [meide  of  mercury  rieUU  global«  of 

mttclUe  mteroiTfit  Condensed  on  the  glass. — ^Transl] 


Ezaminittit/n  itf  Ih«  substance  nlon«  in  tk$  dotad  hikt. 

In  tbia  vaj  are  tested  snlphideA,  selenides,  araenidM»  tellnridei, 
and  nKUllic  compornnds. 

a.  The  S.  is  unaltered,  or  decrepitates,  or  (Vibm  and  gircs  notiimg 
volatile,  ereo  vben  heated  with  the  blowpipe  natil  the  glsas  begins 
Ut  melt  Sometime«  the  glass  becomes  clouded  just  above  the  anajr 
bat  thia  nwnlta  from  a  little  sniphurons  ucid  acting  on  the  glasa. 

ß.  The  8.  yielils  a  finblimate  of  gulphur.  dark  yellow  to  rvddish- 
brown  while  warm^  purv  sulphur  yellow  when  cold. — Metallic  »ul- 
phide*  containing  jnucb  snlphur^  as  iron  pyriie*,  which  yields  nearif 
im<*  atuin  of  »ulpbur;  or  combinations  of  metallic  sulphides  where 
Fone  of  tfatm  luu  more  than  one  atom  of  sulphur  for  one  atom  of  the 
metal,  as  rhairopyriie.  Sometimes  the  native  protosnipbidea  con- 
tain a  »light  ercou  of  snlphnr  and  yield  it  as  a  thin,  almost  vbitc 
film. 

y.  The  S.  yields  a  sublimate  of  sulphide  of  arsenic  dark  brownish* 
rwl  to  almost  black  while  hot,  ami  rMdish-yellnw  to  fvi\  when  o»ld. 
— Native  or  nriißcial  sulphide  of  antenxc,  and  combinations  or  mix- 
tures of  TNef/iilic  nulphides  and  arsenides,  vhiob,  on  giving  ap  all 
thHr  iim^iiio  contiiin  more  sulphur  than  is  required  to  convert  them 
int<i  protuimlphi4es. 

i,  l*heS.  heat^  strongly  yields  a  black  sublimate,  cnn  den  sing- just 
above  the  oMay.  and  becoming  cherry-red  to  brownisli-red  on  cool- 
ing. It  i»  a  combination  of  sulphide  and  oxide  of  antimony.^ — 
Sulphide  (if  antimony  and  compounds  of  metaUic  svtphiden  with 
ffttich  gulphid«  of  antimony. 

r.  The  K.  yields  a  black,  lustrous,  metallic,  and  crystalline  subli- 
mate of  arsenic,  ond  evolves  an  alliaceous  odor. — MefaUic  arsunic 
and  arsenides  containing  more  than  one  atom  (double  atom)  of 
arsenic  for  two  of  the  metal,  as  smaltiiey  chloanthihj  etc;  also  com- 
pound »ttilphide»  and  arsenides  in  which  the  liberated  arsenic  ia 
rej>liK'rd  by  the  «niphur,  which  combines  with  thf  bases  to  form 
protoeulphides,  as  pyrit«.  A  little  sulphide  of  arsenic  sometimes 
sublimes  tirst 

^.  The  S.  gives  a  dull  black  sublimate  of  sulphide  of  mercurv; 
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whicli  bfooniee  red  wbeu  robbed. — Xativ«  or  artiflcial  mlphides  of 
nierctiry.  as  rinnabor  ;  aI?o  mercurifrrf^us  tefrahedrite, 

T,.  The  S.  vielde  a  luätrons,  crvstalline,  gray  siiblimat«  of  selenide 
of  mercnrv.^ — Tiemtmnite  and  lehrbachite. 

i.  The  S,  rields  a  film  or  coat  of  small  drops  of  luttrous  mercnry. 
— Amalgams, 

Nan-Toluile  mttaOic  ntijiiitOa  and  «ucb  oi  coouioalo«  propovtiofi  ormlphur: 
non-Tolntile  artaiiiie*  UkA  tboM  conlftinm»  unlv  one  atom  (iloable  atom)  or  lea*  <N 
arsmic  (or  two  aiotnn  of  the  tuctal;  fanhrj-.teHirida  and  oariwoawJer  jidil  utiKnaJn 
nnalt»,  or  ouoe  at  all,  tfl  ÜM  dowd  lobe. 


a.      EXAMIXATIOX  OF  THE  SCBSTASCE  IX  THE  OPEN  TTBE. 

The  substaDoc  t««ted  in  the  closM  tube  mast  also  be  tested  in  tiie 
open  tnbe.    The  assay  is  laid  near  one  end  of  the  tube  and  the  sput 
with  the  spirit-lamp  at  first,  and  then,  if  neceeaar)',  with  the 
pipe,  the  tnbe  being  eomewhat  incline<l.     Generally  fi-agmcnt« 
re  used,  but  substances  which  decrepitate  nrv  first  pulverized.    The 
furce  of  the  cnrrent  of  air  can   be  regiilsited  by  the  inclinntinn  of 
[ibe  tnlie.     Many  bodies  not  volatile  in  tlie  eli>!jL>d  tn)>e  heiv  absorb 
PXjgt-n  from  the  carrent  of  air  and  form  Tolatile  acids  or  metallic 
[oxides.      Some  escape  a«  gases,  recognizable  by    their  udur ;  others 
[condense  as  sublimates  in  tlie  oool  pert  of  the  tube,  at  distances 
[from  the  nasay  varying  according  to  their  volatility.     In  this  nwst- 
iug  test  too  large  a  piece  should  not  be  takeu^  nor  the  beat  allowed 
to  wvrk  strongly  upjn  it  too  soon,  otherwise  the  greater  iwrt  of  ll)e 
Tulatite  bodies  may  sublime  nnchauged.      Should  a  fragment  yield 
no  distinct  reaction  the  snbstauce  must  be  powdered- 
There  are  several  bodit-a  which  can  be  recognized  with  the  open 
I  tube»  even  in  very  compound  Bubstances.    The  principal  ones  are 
I  the  following : 

«.  Snlphur. — On  treating  metallic  sulphides»  or  snbstanocs  con- 
taining suqb  sulphides  even  in  trifling  quantity,  snlphurous  acid  is 
[found  which  can  bo  recoguüed  by  its  odor,  or  by  reddening  blue 
|!litmns  pa{>er  at  the  top  of  the  tnbe.  Sulphides  which  must  with 
difficulty,  as  blende  and  niolyl)denite,  with  substances  containing 
little  sulphur,  muät  be  jntwdered.  When  the  substance  contains 
[snetals  that  form  volatile  oxides  pecniiar  sublimates  are  formed^  th« 
I  obaracteristics  of  which  will  be  described  more  nearly  below. 

With  too  \»T^  fl  frarnn^t  nr  too  rapid  heating  sul[t)iur,  -nilphtfle  of  atsraie,  o> 
flolpliide  of  mercnn',  mnv  ^iiMini«  from  the  corrvipondini;  tubftaocc»  tested,  bvcanK  tSa 
CBCüBh  n  mt  prcieiit  to  oxidii«  ifaioa. 
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ß.  Selenium. — Selenides  and  substances  containing  even  trifling 
quantities  of  seleniam  yield  a  gaseous  oxide  with  the  odor  of  decaj- 
ing  horse-radish.  If  selenium  forms  an  essential  ingredient  it  forms 
a  sQhlimat^*  of  selenium,  steel-gray  near  the  assay  and  red  at  a  greater 
distance  ;  small,  very  volatile  crystals  of  selenous  acid  are  sometimes 
seen  still  further  from  the  assay. 

•/.  Ar/tenic. — Metallic  arsenic  and  arsenides  which  contain  so  much 
arsenic  that,  after  the  furraation  of  basic  arsenates  in  the  tabe^  there 
remain-  ütill  free  arsenic,  yield  a  crystalline  sublimate  of  arsenous 
acid,  vf:ry  volatile,  and  therefore  at  some  distance  firom  the  assay.  It 
can  U;  driven  off  by  simply  warming  it  in  the  tube.  When  there  is 
only  enough  to  form  basic  arsenates,  as  with  speisses  rich  in  cobalt 
»nd  nickt'l,  a  distinct  sublimate  is  not  always  obtained,  even  when 
the  «ub.^tancL'  is  powdered. 

Wli*-n  trxj  1nr(:c  a  piece  of  metallic  aisenic  iB  taken,  or  ao  arsenide  contomlng  my 
mii^li  ari><:Tiir,  U)^^  hi^'h  a  heat  inaj  caeilj  form  a  brownüh-black  BubUnuite  of  snb-oxidB 
(ff  at-t-MP.,  or  (;vrrn  metallic  arwnic,  and  then  the  garlic  odor  of  the  suboxide  becomes 
\^:Ttv\,xi},W.  Whrn  an*  cafiily  decomposed  salphide  is  prcsenl  a  high  beat  tends  to 
prt/diicf;  li  »iiMimiitc  of  ytUow  or  n.-d  sulphide  of  arsenic. 

Ö.  AHtim(iii;/.~yii;U\\\\c  antimony,  antimonides,  sulphide  of  an- 
timony, and  compounds  of  metallic  sulphides  containing  sulphide 
of  antimony,  oxidize  and  yield  white  fumes,  rx)nsisting  at  first  of 
o.vide  of  antimony,  but  changing  at  a  high  enough  temperature 
under  the  influiMicc  of  the  air  for  the  most  part  into  a  combination 
of  oxidfi  of  untimony  and  untimonic  acid.  Pure  oxide  of  antimony 
is  volatile  und  passes  through  the  whole  length  of  the  tube  as  a 
wliite  vapor,  oondonsi ng  i>artly  on  the  upper  side  of  the  tube  and 
partly  cHcaping.  It  can  be  driven  off  by  heating  it  again  to  redness, 
but  a  part  is  vt^ry  liable  to  become  more  oxidized  and  remain  behind. 
'V\m-.  combination  of  antimonic  acid  and  oxide  of  antimony  once 
form'-d  is  not  volatile  and  condenses  chiefly  on  the  lower  side  of  the 
lube  as  a  white  ])owder,  yt-llowish  while  hot.  It  is  mostly  formed 
in  rofwiing  sulphide  of  antimony  and  its  compounds  with  some 
metallic  antimouides  containing  separate  constituents  which  are 
easily  oxidizable  and  evolve  considerable  heat  in  oxidizing.  In 
presence  of  sulphur,  snlphurons  jicid  also  forms  and  can  be  detected 
us  usual.  If  lli(!  Kubstimce  consists  of  oxide  of  antimony,  or  con- 
tains free  oxide,  a  portion  sublimes  unaltered,  wliile  part  is  oxidised 
more  highly  and  remains  behind.  AVhen  sulphide  of  lead  as  well  as 
antimony  is  present,  as  in  bournonite.  a  sublimate  of  oxide  of  anti- 
mony with  anlimonulu  of  lead  forms,  the  latter  having  a  light  yellov 
color. 
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Wb<io  snlphiilr  or«ntiinuiiT,  or  Compound*  coDtiünttig  much  of  it,  »re  vcrj  «trun^^lj 
d,  ilie  white  ivMt  U  likrlv  to  tw  MiMitnl  here  and  there  «rilfa  a  it-tldbth  or  bniwnbh 
ItnSiptliili',  whit:)i  c<)Oili!RM;>i  in  cotnliiiiatiim  with  UivoxiUc^  rwic  p.  62,  6, 

I.  TeUui'ium  ubii  tflluridea  f*>rtn  t^'llui-oiis  acid,  which  piu»es  as  a 

^white  vapor  lliroiigli  the  l;uhe,  und  soon  condenses  for  the  most  part 

iiit<i  IL  t^iihlimnlo,  which  cnn  be  fused  into  colurless  drups  by  hL-atiug 

that  pnrt  of  the  tube  with  the  blowpipe,  and  u  thus  distiuguUhed 

frciDi  thttt  produced  by  oxidizing;  antimony. 

X,,  ^fercurff.~li&  compounds  with  otht-r  metitls  give  a  suhlimute 

I  of  nictullic  mercury  cousisting  uf  small   glubulcs.   which   ulmost 

I  mlhoro  together,  and   can   l»e  united    to  one  drop  by  striking   tho 

tnbe  and  turning  it  slowly  on  ita  axis.     Sulpltidc  of  mercury  is  by 

[careful  heatiug  decomposed  intu  eulphurous  acid   and  mercury,   the 

latter  forming  a  metallic  mirror  above  the  iissay.    By  too  strong  a 

heat  pait  of  the  sulphide  sublimes  unchanged  aud  forms  a  block 

sublimate  close  to  the  assay,  wliich  can  be  decompoiied  by  carefully 

wamiing  i(.     Oompnunds  of  chlorioe  and  mercury  are  very  volatile 

,  uiidsuldime  unaltered. 

Auljtfiidf  of  lead  \ic\d»,  besides  sulphamon  ndd,  a  white  snUimal«  of  sulphate  ot 
I«jul,  chiefly  on  the  under  tnd'>  ul'  ()u'  tnt«,  which  when  •ttroii(.'ly  )i«aiod  molts  tu  yellow 
I  dmpa,  whiii^whcn  cold.  The  »saiy  i»  »urroitodcd  with  fuH-J  uxido  of  Iciid.i-tmuining 
hau-,  which  U  yellow  when  liut  nn«I  li^hUT  uti  cuulin^.  t'hloruif  i>f  U*ui,  sod 
rtiinvea  coatoining  it,  form  a  sublimHte  irhit'Ii  on  »penitnl  hMitinff  can  only  he  pttnly 
volHlilitctl,  with  the  chlorine  libciulfd  from  tho  r(.>>idiii-,  Thb  confli^l»  of  nxichtorido 
of  liMd  nnd  rilMu  likü  ivllurouft  ncld  to  drops,  which  tiw,  Howptit,  ^-dlow  whfn  hoi  and 
pcurl-^y  to  white  on  coaling.  .itilp/tüU  of  hümuth  behove«  qnite  like  »nlphidc  of 
lead,  Mflv^iie  binmHthifU»  yirld  oxide  of  bismuth,  which  condt«»«  ijnitL*  ncKr  the  um/, 
und  itt  fiuibl«  to  hruwn  or  dArk^yvIlow  drop»  rury  Uilfi^rcnt  from  tcllurou«  acid.  SuU 
ji/ittk  of  molyMmum  rout*  with  difftcaliy,  yielding  «iilpburou§  acid,  und  wlica 
puwdrrrd  and  fauitnl  strongly  für  mnui  time,  u  trifling  crystalline  .snhlimittc  of 
molrhdtc  odd. 


3.   EXAMINATIOy    OF  THE    SUBSTANCE    BEFORE  THE    BLOWPIPE  ON 

CHARCOAU 

When  the  gubsrauco  is  solid  and  does  not  decrepitate,  a  small 
fnigment  can  be  ustil,  otherwise  it  must  be  very  finely  pnlverized. 
The  assay  is  placed  ou  the  side  of  the  coal  which  shows  tho  edges 
of  the  fuihual  rings  and  near  the  end  tnrned  toward  the  lamp,» 
slight  cavity  bein;?  uiade  to  receive  it,  A  gentle  0.  F.  is  directed 
uptju  the  assay,  while  the  coal  is  held  horizontal  and  in  th«  direction 
v/  the  biofcpipe ßnme.  The  Üame,  being  inclined  updu  the  assay  at 
«n  angle  of  about  twenty  degrees,  is  continued  for  a  sliort  time  only, 
hnt  until  a  change  of  color,  glowing»  swelling,  fusion,  or  the  separa- 
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/'  tior  of  some  volatile  gnbfltance  ia  noticed,  or  in  general  any  »Iteration 
of  the  suhatance  likely  to  afford  a  clue  to  ita  character.  At  the 
moment  when  the  blaei  is  stopped  the  presence  of  any  Tolutile  acid*, 
or  of  sulphur,  araeuic,  or  selenium,  is  tested  by  smelling 

Since  a  trifling  qniintity  of  arsenic  is  not  thus  ao  easily  detected 
as  sulphur  or  seluiiium,  the  a^say  is  also  treated  with  the  R.  F.  when 
the  arsenic  odor  frequently  becomes  very  dintinet  While  heating  the 
assay  \ariouB  other  phenomena  are  to  be  noticed; — as  anydeflogratioii 
after  the  fusion,  whiuli  occurs  in  case  uf  nitrate«,  chUirates,  bromatos. 
aud  lodates;  whether  the  coal  is  coated  with  volatilized  bodies,  far 
from,  the  a^say,  or  near  it ;  what  color  the  coat  haa  when  hot  and 
cold;  whether  it  can  be  volatilized  by  simply  wanning  it  with  the 
fianie.  or  by  contact  with  tlie  (lunie.  and  in  the  latter  ca^e  whether 
It  colors  the  unter  flame  in  disappearing. 

An  earthy  eubstunce,  after  being  ignited  thoroughly,  is  laid  oo 
moistened  rvd  litmus  paper,  to  see  whether  it  has  an  alkaline 
reaction,  which  is  the  awe  with  compounds  of  the  alkaline  eartlis 
with  carbonic,  sulphuric,  and  nitric  acidä,  and  of  their  radicals  with 
chlorine,  bromine,  iodine,  and  fluorine. 

An  imiK)rtant  means  of  recognizing  various  snbstanct;»  is  afford«! 
by  the  coats  wliich  ihey  form  on  the  coal  at  greater  or  less  diblunci-a 
from  the  assay ;  but  the  ashes  must  not  be  mistaken  for  a  coat,  which 
they  sometimes  resemble.  This  cuu  be  guarded  against  by  treating 
tlie  coal  previously  with  the  0.  F.,  to  ascertain  nearly  the  qoantitf 
and  quality  of  the  aab. 

The  following  bodies  yield  characteristic  coats; 
a.  Selenium  melta  very  easily  aud  yields  brown  fumes  in  the  0.  F. 
and  fi.  F.,  while  a  steel-gray  coat  with  a  feeble  metallic  lustre  furms 
near  the  assay,  and  a  dark-gray,  dull  coat  at  a  greater  dietauoe. 
Thi«  coat  can  be  driven  abuut  quite  easily  with  the  0-  F.,  and  if 
treated  with  the  R.  F.,  disapiiear»  with  a  tine  azure-blue  flame.  Onr 
ing  all  these  oponitions  a  strong  horse-rudiah  udur  results  from  the 
escaping  gaseous  and  colorless  oxide. 

ß.  TflluHum  melts  very  easily,  volatilizes  in  fumes,  and  coats  the 
coal  in  the  0.  F.  and  R.  F.  with  tellurous  ucid,  at  no  great  distance 
from  the  assay.  The  coat  is  white,  but  has  a  red  or  dark-yellow 
border,  aud  can  be  driven  about  with  the  0.  F.,  while  it  disappears 
under  the  R.  F.  with  a  green,  or  in  presence  oi  selenium,  a  bluish- 
green,  flame. 

y.  Arsenic  volatilizes  without  ftising,  and  coats  the  oool  with 
arsonous  acid  m  both  fl.mioa.  The  white  coat  appears  grayish  when 
thin,  partly  from  the  ooul  showing  through  and  partly  from  a  mix- 
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turc  or  sulmxidc.  and  is  at  quite  a  distance  from  tlie  asaaj.  It  can  \ye 
•niznodiutely  drtvpn  off  by  simply  warming  it  with  the  flunie^  and  if 
rapidly  treated  with  the  It  h\,  colors  it  pale  light^blue.  During 
Tolatilizuttou  arsenic  evolves  a  strong  alliaceous  odor  due  to  the 
formation  of  Hiboxido. 

6.  Anliviany  mfM»  very  easily,  coating  the  coal  with  oxide  in  both 
flamoe.  The  whit*-  coat,  bluish  in  thin  layer«,  is  not  so  distant  as 
with  arsenic.  It  can  l>e  driven  abont  by  heating  it  gently  with  the 
0.  F.,  and  dieappeHrs  tiuder  the  E.  F.,  tinging  it  pale  greenish.  It  is 
not  so  volatile  iw  th<»  »rjicnous  acid  coat.  When  antimony  is  melted 
and  heated  to  redne^  on  coal  and  the  blast  stopped,  it  remains 
melted  and  glowing  for  aonie  time,  evolving  denser  while  fumes, 
which  condense  partly  on  the  coal  and  finally  surround  the  bntton 
with  white,  pearly  crystals.  This-results  from  the  oxidation  of  the 
metal  by  the  air,  forming  oxide  of  anrimony  and  evolving  so  ranch 
heat  that  the  fu?ilbl(!  mntal  is  kept  Ihiid,  until  (covered  with  crystals 
of  oxide. 

».  ThalUum  melts  very  easily,  forming  at  some  distance  fVom  the 
ftfsay  a  raodenite  ivhite  coat  of  oxide,  which  can  I«  driven  off  by 
fimpK*  wanning,  and  tinges  the  R.  F,  green,  Tlie  melted  button, 
which  also  tinges  the  flame  strongly  green  when  touched  by  it, 
remain»,  after  setting  the  coal  aside  ut  rest,  for  some  time  fluid  in 
consequence  of  continuing  oxidation,  and  uccnsionally  a  brown  coat 
is  observed  very  near  the  metnl,  which  is  perhaps  peroxide. 

^.  Lead  raelta  easily,  coating  the  coal  with  oxide  in  Iwth  flames. 
When  warm,  this  is  dark  lemon-yellow,  when  cold,  sulphur-yelloir 
and  bluish-white  in  thin  layers.  The  yelluw  coat  is  pure  oxide  of 
lead,  and  the  blniah-white  one,  carbonate.  When  the  coal  is  heated 
i^^  glowing,  the  coat  changes  its  place,  because  the  oxide  is  reduced 
and  the  metal  immediately  volatilized  and  reoxidized.  The  flame  is 
thereby  colored  uzurc-bhie. 

1).  [iiamuth  fuses  very  easily,  giving  a  coat  of  oxide,  which  is  dark 
orange-Vfllow  when  hot  and  lemon-yellow  when  cold,  being  yellow- 
ish-white in  thin  layers.  The  yellow  coat  is  pure  oside,  and  tb« 
yellowish-white  one,  which  is  at  the  greatest  distance,  is  carbonate 
with  some  oxide  of  bismuth.  It  can  be  driven  about  on  the  glowing 
ooal  like  lead,  but  does  not  color  the  R.  F.  during  the  operation. 

6,  CadiHxuvi  melts  very  easily  and  bums  in  the  0.  F,  with  a  ditrk* 
yellow  flame  and  brown  fumes,  coating  the  coal  with  oxide  rather 
near  the  assay.  Nearest  the  assay  the  coat  is  thick,  crystalline,  ami 
of  a  very  dark,  almost  black  color,  further  off  it  is  reddish- brown, 
and  finally  orange-yellow  in  tlun  layers.    It  can  be  easily  reduced 
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Rud  drive»  uUont  with  either  flame,  but  givps  no  coloration.  ßpvnnH 
the  furthest;  limits  of  the  cuat  the  coal  s»Dietimi.'ä  iiliowg  a  varie^aiod 
tamislL 

«.  Indium  fuBM  easily«  yielding  a  coat  which  i«  very  near  the  assay, 
ilark-ycUow  wliile  warm,  bat  yellowish-white  ou  couUug.  and  ia 
drivL'u  00"  with  difficulty  by  the  K.  F^  to  which  it  impart«  a  fine 
violet  tinge. 

)L  Zinc  fiiseji  family  and  bums  in  the  0.  F.  with  a  strongly  lumin- 
otia,  greenUh-while  flume  and  thiek  white  fumes,  which  cout  the 
coal  with  oxide.  The  coat  ia  nither  near  Ibe  ufiSay,  yellow  while 
warm  and  white  when  cold.  It  becomes  laminous  under  the  O.  F^ 
but  is  not  volatilized,  because  the  glowing  coal  cannot  reduco  xi.  It 
is  T0latili7^d  only  slowly  even  by  the  R,  F. 

X,  Tin  fnses  easily  and  in  the  Ü.  F.  is  covered  with  oxide,  which 
Clin  be  mechanical ly  blown  away;  in  the  R.  F.  the  metal  hecomt« 
lustrous  und  coat«  the  coal  with  oxide,  which  is  pule  yellow  ulule 
warm  and  luminous  under  the  0.  F,  On  cooling  it  becomes  whtt«. 
It  ia  80  close  to  the  assay  that  it  borders  directly  upon  it  and  connut 
be  volatilized  by  either  tlame.  but  is  slowly  reduced  to  metallic  tin  in 
the  R.  F. 

ft.  Molybdmiumy  in  the  powdered  state,  is  infusible»  but  heated 
with  the  outer  flame  gradually  oxidizes  and  coats  the  ooal  at  a  littje 
distjtnce  with  molybdic  arid,  which  in  many  plut-e^,  and  particularly 
uvarest  the  a^eay,  condenses  in  transparent  crystalline  scaler,  but 
beyond  in  a  pulverulent  state.  While  hot  the  coat  is  yellowish,  but 
white  on  cooling.  On  touching  only  its  surface  with  the  yellow 
flame  a  very  fine  dark-blue  color  of  niolybdaie  of  molylwienum  ia 
formed;  if,  however,  the  heat  was  su  great  as  to  cause  the  coal  to 
glow,  the  latter  when  cool  has  a  dark  copper-red,  uictallic  appear- 
*n CO,  from  binoxide  of  molybdenum,  which  has  been  reduced  from 
the  molybdie  acid  and  is  not  volatile.  In  the  ß.  F.  metallic  molyb- 
denum is  unaltered. 

t.  Silver  fused  for  some  time  with  a  powerful  oxidizing  flame  gives 
a  slight  reddish-brown  coat  of  oxide.  In  combination  with  a  little 
lead  there  is  first  a  yellow  coat  of  oxide  of  lead ;  but  afterward, 
when  the  silver  is  more  free  from  lead,  a  dark-red  coat  forma  ontnde 
»f  the  first.  Wlicn  a  little  antimony  is  present  there  residts  at  first 
a  white  coat  of  oxide  of  antimony,  which  )>ecomes  red  no  continued 
blowing.  In  case  the  silver  contains  a  little  of  both  metals,  a  copi- 
ous crimson  coat  is  formed  after  must  of  the  lead  and  antimony  an 
volatilized.  This  coat  is  obtiuned  sometimes  iu  testing  rich  silver 
ores  on  coal. 
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nr  «ttTwlann«  yU-U  ronl!>  ftimilAr  to  ÜWHf  aIioto,  and  n^'-u^  mo»t  be  btJ  to  th^M 
in  unltT  111  ftviiiil  uistiüiPt4  mnd  mnfankm.  They  lUrc :  (vrui»  «alpbidn,  cliLori«)«, 
bromiilu,  sud  itHlit]r§.  wlucli  yhl<i  u  wfaiie  coat.  Sul/Aidn  at  /wCtUHMm  and  todiam, 
having  Uxa  funned  in  ihr  It.  F.  ftvin  ihf  5iil|>lmles,  vülntUUc  And  uv  oxidized.  ;;ivin(; 
*  white  com  or  netitrol  aiilphaiCB,  whi^b  does  not  rurni,  Luwtrver.  nntil  all  of  the  biiI- 
(<hatr  hR»  Mink  int'i  tbr  run]  lUitl  Ixvn  n-ilmt.-d,  !$Ml]ibidi>  nf  (MJio^riuiu  lieiu;;  tnorc 
ml«iili-  tbui  «nlpbiile  of  wdium,  fonuf  s  tbickiT  t-oat.  ^\'h^n  ihr  vt>al  i«  tuuübiii  by 
the  fliiiiH'  it  ilt>n|)|iL-ftrv  with  m  blui«b-viulct  ntlur  in  <*«m!  oC  }NitJiK(<a  und  a  irtliii^b-yrJIow 
rulcir  in  cue  uf  sodn.  Sitiphuk  of  UlJtium  bchavo;«  üiiuilurlv  luid  colun  tho  dune 
purpiUb-rul,  wbik;  tbc  nvwlv-dittouvun-U  ciintum  and  rubidium  lulpUidu»  prolioldv  show 
Minilnr  rauctioa»,  SuJ/AiJn  o/"  Uail  and  htum'UJt  gvm  two  coat«,  nov  mon  roUtit«  anil 
«hiT^,  cunsiMiOK  of  mtpbnte,  and  one  nranr  tb«  a-iMv.  cunMptiii^  of  oxide  of  the 
BiKtal  in  hand,  which  run  be  known  by  Itüuilor  htith  whilo  hot  and  cold.  Tbo  white 
lv«d  iiial  diitappean  with  a  bin«  flame,  and  both  it  and  thnbismutb  «»at  leave  a  «pot  ol 
vi'Ibiw  Lfxidf  where  thi:  cual  waa  iiuuir  tii  clow.  ^ulfJiidrt  ttf  untimuny,  zinc,  and  'M 
yitM  iiiily  nxid»,  eiibcr  voladtv  in  vote  Mf  aniiinuny.  i^r  fixcf)  iu  case  of  zinc  and  tin. 

Mmov  fhlunMi-s  foUnlite  and  yi^'ld  a  while  coat.  \\'UUeAloridfga/j>otat.<üuiB,aiML'ua, 
und  tMinm  ihr  coat  is  not  foniK:^!  until  thrr  haw  futted  and  »onk  into  the  nml. 
Chloriitt-.  of  poiawinni  j:iv«8  the  thtckoet  rnat  and  Hrhinm  tbp  ftwlilt«!,  which  t*  alfo 
pravifb-whit«  and  not  pnrc  wiiitc  Thr  rhloritir»  o/'fiBiMtonmn,  mrmiiy,  and  m/imtmy, 
ToUlilizc  witlmut  fusiii;*,  und  iboM- of  xj'nr, /rot/,  btsmvifi,  »nd  ti»,  tii-vt  fuw  and  tht-'n 
giw  t«i>  cortts;  ouc  of  tbo  chloride  of  thi^  m'-tal,  wliite  und  iiK>rc  vulatii«  ;  iIm*  other  of 
throxidtr.  and  Ints  votnlilo.  Soinp  of  llit-^-  cbloriden  color  the  It.  F, :  that  oF  polns- 
»tnio  bloidh-iiolct.  of  sodittni  rc'ddlsh-ct-lton-,  of  lithium  piirpliäb-nMl.  of  lead  blui? :  the 
others  diMffpmr  without  mlorint;  ii.  Chloride  o/eoj^prr  also  fust«  and  color"  the  llnm« 
iotMiJK  antirD-btiu',  and  on  rontinu<nl  blowin;;  pan  of  ilw  aMtay  volatilE«»  with  wbii4 
fam<4.  whirh  «mrll  8tmnf;ly  of  rbUirinc,  while  anollicr  part  formi)  thnv  wat«  ililTrring 
in  culor;  ibiti  m-nru«!  tltv  OMtay  U  diirk-^Tay.  the  ntxt  t»  dnrl^-tcllow  lu  brown,  and  llic 
furthi:«!  i*  bluUh-wbitc.  Wlit^n  »ucb  a  loiii  i»  toucbi-U  with  tbc  llnuu-  it  partly  cluini.i:i 
tu  pokirion  «nth  a»  aznrc-bhiv  cnlorarion.  Anion^  the  Sromidis  itnd  iodides,  which 
bthMTT  quite  tike  tlic  chloridca,  the  bromidtt  und  iodidrt  o/ ftotiiuium  and  sodium  Afwre 
vsjtccial  mcniion  hrre.  They  foiw,  »ink  into  ibi<  «xml.  nnd  ihrn  volatiliu?  utib  while 
fuiit»,  which  partly  furrn  a  cunt  nitlicr  far  from  tlie  HHfiay.  Thin  dL'uip[f(<ar^  »ndcr  lb« 
ti-  F.,  colona)[  it  blui>h-viult:t  tu  caK  of  polaiuiuiu  aud  ruddi»b-yvlluw  in  uaw  of 
NxUatiL 


4.  ExAJttUiATlOX  OP  THE  SL'B&TANCES  AS  TO   FUSIBILITY   AKl)  TIU 

wiLoit  wnicn  thet  impart  to  the  oütee  flame. 


a.  Testing  the  fusibiliftj  of  fiuhtnnees. 

Metals,  metallic  compound«,  sulphidea,  or  other  Bubstnncps  which 
appear  to  c«>ntüiD  ingT«^ients  that  would  attJiclt  platinum,  are  hentt^d 
on  ehurcual  with  tht;  IL  F.  or  within  tho  bine  flame.  A  smull  pier«; 
is  u^ed  for  Um  assay.  Most  of  tlie  metali'  ran  tie  fiii^i^  in  this  way, 
bnt  they  geiKnilly  o^idize  more  or  It-gs  and  gradually  volatilize; 
among  the  noble  metali«.  gold  anil  silver  form  an  exception,  although 
tilvfir  is  not  allogether  fixed,  p.  08.    Tboothcrnoblumctulsi/j/a/tnuM 
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iridium^  palUtdium^  rhodium  and  oaminmt  are  infusible  ou  coul« 
frliethcr  in  powder,  Ix^uls,  or  scales.  Osminm  is  oxidized  to  osmio 
■cid,  howcrer,  in  the  0.  F.,  and  vulatilizes  iia  such;  while  plutinum. 
iu  ver^  fine  wire,  or  iu  very  thin  aud  poiulcd  Etri])^^  cam  be  melted 
vith  a  good  0.  F.,  as  stated  on  p.  U. 

Aiuuug  the  other  metals,  the  oxides  uf  which  can  he  rodaoed  in 
the  R.  F„  eepecially  by  wldiug  soda  or  neutral  oxalate  of  poUissa, 
UnigsieHf  nickel,  cJÖult,  iron,  aud  raotybd^aum  are  likewläe  iufuäihle 
on  coal ;  the  lutter  is  grudaully  couvertud  iuto  uiolybdic  acid  in  a 
\nuv  0.  F.,  p.  08.  Nickel  and  cobalt  cau,  however,  when  iu  very  tliin. 
pointed  strips,  be  fnaed  to  inulleahle  buttons  with  the  tip  uf  the  blue 
flame;  line  iron  wire  likewise  melts,  bat  giTes  a  brittle  button  of 
uiiiguctic  oxide 

The  componnds  of  metals  with  arseuic  ore  generally  fusible,  even 
in  case  uf  infusible  metals.    So  are  the  metallic  sulphides,  but  several 
of  them    are  gradually   volatilized,  evolving  sulphurous  acid  and      , 
coating  the  coal,  p.  ti9.     Among  the  natural  sulpliides,  those  of  zDau^[^| 
ganeae,  molybdenum,  aud  zinc  are  infusible.  ^* 

The  fusibility  of  the  metallic  oxide«  must  be  tested  with  a  pnre 
0.  F.  Only  a  fuw  of  tlicni  are  fusible,  including  the  following :  oxide 
of  copper:  oxide  of  antimony,  which  volatilizes  after  iVision  ;  oxides 
of  bismuth  und  lead,  both  of  which  are  reduce<t  to  metal  by  the 
glowing  coal  after  fusion. 

Wht-n  the  snb^ljmco  is  earthy,  or  a  silicate,  or  in  general  such  as 
will  not  attack  pkLiuum^  and  is  also  in  a  tirm  state,  a  thin  splinter. 
or  email  piece  baviug  a  poiut  or  eharp  ed^^c,  is  held  in  the  platinum 
forceps  with  the  edge  in  the  hottest  part  of  apuiv  0.  P.  If,  however 
the  substance  has  decrepitated  when  tested  iu  the  mutroäsf,  a  sattuble 
fragment  of  the  heated  siibt^tance  is  selected.  For  substances  uhicli 
crumble  to  powder  or  cannot  be  divided  into  shar]i  fragments, 
the  method  proposini  by  Berzulius  for  minerals  that  fuse  with  groat 
difficulty  is  employed.  The  snlistance  is  rulibcd  line  with  a  little 
water  in  the  agate  mortar,  the  thin  paste  laid  on  con!,  dried,  and 
heated  U.  B.,  «{uite  strongly  toward  ihe  end,  until  tlie  masd  Mni 
loosely  on  the  elmrcoal  as  a  thin  coherent  plate,  which  can  be 
held  with  the  platinum  foroe|>s  in  the  0.  F.  Substances  already  in  a 
|>owdered  state  can  be  similarly  treated. 

By  heating  the  ed}xe  or  point  of  the  assay  in  a  pure,  gnfficientlv 
Strong  O.  F..  80  that  there  is  a  slight  interval  between  the  tip  of  the 
blue  flatno  and  the  assay,  it  will  soon  be  seen  whether  the  substaner 
is  fusible  or  not  Infusible  suhetanoes  retain  their  sharp  ed^^es 
inaltered,  which  can  only  be  ascertained  by  using  the  mogniäer* 
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:huse  of  diBicylt  fusibilitr  arc  rounded  on  the  ed^  ivbile  the  easU; 

fusible  ones  melt  to  a  boad. 

Subetuuoes  may  be  divided  according  to  thfnr  fusibitity  into : 

1.  Kucl)  as  fuse  to  a  bejul ;  a,  easily  ;  b,  with  difliculty. 

«,  Snch  88  fuse  only  on  the  edge  ;  a,  eaäily  ;  b,  with  diflicultT. 

3.  Suoli  as  are  infusible. 

Von  Kobell  hfli  arraR^il  a  ocsle  by  which  Ihc  fhftiljilttT  uf  the  substance  nmy  be 
I  tuDi[Mmd  with  üut  of  cL-ruun  iiiiur.mU  of  known  fiiuliiliiy,  «nd  tbus  mort  exactly 
I  ttpterrniticd . 

1 .  Stibnttt,  fusible  in  tbe  flame  cf  Ä  caodJ«  tu  course  aplintcn ; 

5.  yatrotiU,  futililc  in  Ibe  csuiUc  flume  vul;  in  tine  tplinlcfs,  cuilj  fuavd  before  the 
k  tkU)w [tijte  in  ijiiite  conne  fnyiiiontA ; 

Alrnütuhtr  or  in/ii  alumina  irorfMf,  infiulble  lu  ihe  candle  flume,  quite  fusible 
:  th«  Muwplpf:  in  cuane  rrasmenis. 

4.  Aeiinni.t«,  rtteibitity  tiotnbly  Ich  iban  alnaDdiie  and  gnater  than  ortiiocLaw, 
riutiblc  in  r^anc  upllnlrn; 

6.  OrVu-eiiiat,  fuiableia  flnc-plititrn; 

6.  Bronzitt,  oiilv  ixHuidtt)  on  thf  edges  in  very  fine  «plintcn. 
tipliutcr»  of  the  above  mincrids,  varrinK  ^  ßocnc»,  niay  be  kejji  oo  hand   fiir  com* 

i  piiri«on  ;  ibr  varion«  trr«dfltion«  of  tiisibility  nrc  exprc«Md  by  decimals,  thus :  fndbilit/ 
f  2.7-3.6  dcrtotra  thni  tbc  mintrrnl  i^  Fomrwhnt  more  fnnblc  ihnn  almandtte. 

Sunui  niiiit'Tul-i  itlrlI^il^l^:  In  ibe  O.  F.  can  Ik?  fiiwd  un  the  edge»  in  'he  R.  F,.  or  cren 
I  la  tb«  lip  (rf  tlie  Mu<'  Haiue.     Tbim.  heouiU'e  \oif*  tome  of  it^t  oxyphil  in  lb«  R.  F.  and 

Is  iheii  fufiiMt;  on  the  e<lt,T3  ;  vutgMlit«  bet'omefi  more  highly  nxlilized  t;nd  Ib  infusible 
I  {n  the  O.  F.,  nbilu  it  can  be  fniwd  in  the  R-  F. ;  n/frn'te  when  i),miUHl  in  the  matraM 
I  Sh  nnnvvTtnl  into  pr<)t)>-4e»)uiuxiile  of  xn/n,  at  Ibe  ex)ieii»e  of  the  rarbunic  and  drirrn 
lud*  und  tlii'n   THiaro   like  lon^eliti; ;   chnmiHr,  titunir  iron,  fraiikUnitu,  and   the 

mtimUt  i*f  prvtoiide  of  trim  al»u  act  eiiuilnrly.     Subütauees  containing  oxldt»  mu»t 

tlivn-fon-  always  be  tested  at  tintt  wlib  a  pure  O.  F.,  and  ibe  K.  F.  only  u«cd  when  they 
I  n|fpmr  infiifiMe.  lo  as  to  a5ccnain  whether  any  difference  is  to  be  pemjred. 

Many  wiiKnlf  when  Ftronf:ly  hofilt^  ultvrtn  form  andeolor  «-iihout  fu<ini^:  «nma 
I  swell,  likr  bomjt ;  othm  give  caulifl<iwrr-lilw!  rnmifirntinnB,  port  of  ihem  fnsinif  afh-r 
!  ftwellin<*  up.  while  others  remnin  putTinl  up  Mritlioul  fosing.     Sonu^  uiineraU  fiue  and 

(iroth  up,  gii-in^  abkbby  j^lass  ailed  with  bnbbtvti,  which  cau^c  it  to  appear  opiiquc, 
L  rrrn  «lien  Uk  kIbm  i»  »ally  traiupatx.-nt.    Tbiä  iutuiUL-^ccnu:  uüd  bnbblin;;  gcnvmtly  do 

not  api«4r  until  tlte  irmiM'tnluro  i«  «ufBcient  to  rxjiul  nil  the  waliT.  The  ranlilluwur^ 
Hike  cxcreMCOcca  lecm  to  r>.-^ntt  from  a  chxti^e  in  the  inanniT  of  comliinatinn  of  the 
I  riMiatftuent*.  nod  in  thrir  rvlativc  po^'itton,  brvu^ht  lUiout  by  ibe  heat;  while  tiM 
[tumefaction  and  balvblinfi,  «hieb occur  in  an  already  fuwd  mav,  are  apparently  ]iro< 
I  laced  by  the  crolutkin  of  wmc  volntilr  in^'rcdienl  in  a  j;aseoiu  SUK.  allbouKh  it  due« 
I  frequently  appCAr  iBC(Mnpound&  where  analysis  faiU  to  indicate  the  presence  of  any 
I  Hieb  body.    It  geou«  pcnicalarly  in  the  silicates  of  lime  or  on  alkali  vitb  alamina. 
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ß.  Examination  of  the  suhtauce  a.s  to  the  color  it  imparts  to  the 
exterior  of  the  blowpipe  flame. 

Tlvrft  are  many  bodies  which  color  tlie  outer  flame  more  or  less 
when  liouted  with  the  tip  of  the  bine  flame.  AVhuii  the  color  is 
distinct  und  sharply  defined  it  served  frequently  as  a  characteristic 
means  of  immediately  rec(»gnizing  the  constituents  of  the  substance. 
This  test  may  frequently  be  combined  with  that  fur  the  fusibility, 
beeaur**'  it  is  generally  made  with  small  splinters  of  hard  minerals, 
held  in  the  platinum  forceps,  or  in  case  of  powdered  or  decrejutating 
guhstance-s  with  a  crust  prepared  witli  water,  us  directed  on  p.  70. 

The  splinter,  or  crust,  being  first  tested  in  the  platinum  forceps 
with  r-'frurd  to  its  fusibility,  its  sharj)  ])oint  or  edg:c  is  then  brought 
into  direct  contact  will»  the  tip  of  the  blue  flame,  so  as  to  see 
whethi-r  tin?  exterior  pale-bluish  flame  is  colored.  With  many 
Buhslances  the  slightly  luminous  envelope  of  the  blue  flame  streams 
past  ilie  assay  without  change  of  color,  but  with  many  other  substau- 
ces  the  outer  flame  is  first  somewhat  enlarged,  in  consequence  of  a 
trifling:  amount  of  water  or  carbonic  acid,  and  frequently  colored  a 
feeblf  reddish-yellow,  but  this  tinge  disappears  afterward,  giving 
place  to  a  very  different  one,  which  is  produced  by  volatilizing 
oonstiiurnts.  Tlieiii  are  also  substances  which  produce  the  color 
imniediatt'ly,  and  if  the  assay  fuses  with  difficulty,  or  not  at  all.  the 
color  fn-quently  becomes  more  intense  after  continuing  the  blast 
lon^'cr.  When  the  assay  was  fused  to  a  bead  in  testing  it-s  fusibility 
and  no  longer  ]>R)duce8  a  distinct  color,  a  fresh  piece  should  be 
used,  heeiiuse  a  fused  bead  does  not  pmduce  so  intense  a  color  as  a 
fusing  point  or  edge. 

JIaiiy  substances  itrodu<*e  no  color,  or  only  an  indistinct  one, 
althougli  containing  a  coiistitnent  which  has  the  quality  of  coloring 
the  fhunc  wiieii  free ;  as  substances  containing  phosphoric  acid,  boracic 
a(fid.  or  lithia.  in  small  quantity.  The  finely-powdered  substance  is 
then  tn-ateii  on  jjlatinum  wire,  with  special  flnxes,  ur  after  being 
moistened  with  sul}»liuric  acid. 

Kusily  fusible  suhstances  are  tested  on  platinum  wire,  bnt  it  is 
always  well  to  take  only  a  small  (quantity,  which  can  then  be  heated 
siroiigly,  and  will  produci'  a  more  intense  color  than  a  larger  amount 
To  li\  the  substance  on  the  wire  this  is  heated  and  brought  into 
CiUitaet  with  the  subslaiic«'.  or  first  moistened  with  distilled  water  if 
the  substance  will  not  adhere  to  the  glowing  wire.  Hydioiu  salts 
itdbere  very  easily  to  the  hot  wire,  but  anhydrous  ones  oiUywith  diffi- 
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calty,  if  at  all.  Mctalsaud  their  combinütiona.  snlpbideaof  th>3  niotals 
anii  easily  roduciltle  oxides  in  the  powdcrwl  state,  must  be  treated  on 
charcoal.  If  they  are  miissiTo  a  fni^Tneut  the  size  of  a  hemp-seed  i« 
a«sl.  ajid  if  in  powder,  a  quantity  which  would  not  be  lai^or  when 
ineU>-d.  In  cither  case  the  assay  is  laid  in  a  quite  simllow  cavity  on 
tlic  long  elide  of  tlie  cuiil,  und  the  blao  flame  is  dirLcted  imnitsliately 
on  it,  wht'u.  if  the  Bubsiance  possesses  the  quality  of  coloring  the 
BO,  the  a.<^say  will  be  surrounded  with  a  distinct  and  more  or  Inss 
intensely  colored  flame-  If  tlie  Hnhstunc'e  forms  a  t-nat  on  the  coal 
this  can  liLewise  be  treulud  with  xhe  blue  flame,  but  il  is  better  tlieu 
'  to  employ  u  more  spreading  IL  F^  8o  as  to  observe  distinctly  the  color 
whirh  the  coat  produces  in  disappearing. 

All  experiments  ou  the  color  of  the  flame,  in  whatever  way  cou- 
[ductttl,  succeed  better  cither  in  a  darkened  room,  or,  if  in  u  light 
a.  wht-n  the  operator  places  himself  before  the  lamp,  so  that  tlie 
flight  may  not  f;ill  d:r»M'ily  upon  the  flume,  since  in  this  way  only 
QMS  the  exterior,  feebly  colored  envelo[»e  uf  the  blue  flame  be  most 
|dainly  seen.     (A  hluck  biick-grouud  is  best. — Traiisl.) 

Too  nitich  uiTVcnnnot  Im:  i'xrn-ixiHl  in  lhe»e  cjcp«'riiiipnt«.  to  nvuid  nn  hnpure  flmit« 
I  hr  mda,  <Inre  cT«n  the  ininuti.'Ki  »mount  of  a  mhIh  suit  rvndL-nt  Ih»  Fxpcrimviil 
,  bccauM  mdIh  •*t>lof«  more  inttrntscly  lliait  any  other  ImkIv.  Tht^  n^ixiy  mnst 
iheraAMK  be  hondlnl  as  Hide  ts  posdblc  with  ifu*  lin^n'r«.  nnil  jf  palverizrd  in  ilie  inoriar 
with  wntiTr.carv  mnif  Ix-  taln-n  to  clram^c  ibis  from  any  borax  or  swln  liy  washinj-,  Ttw 
pljirinttm  Mn  »honM  hIho  (■>■  t<iin.'  nni)  iin^mrt  no  ojlor  tu  l)if  rtmnv  when  tried  by 
tinif  it  in  the  point  of  tin'  Hu«  flunii>.  Klioultl  it  »Iiow  h  rL-ddish-yclIow  i-okir,  whirh 
r  br  Crtti»t«l  hr  rliloriilf  of  hodiiiin  from  tlic  moist  ftiii^-rs,  tlib  will  di]>flppi-iir  ftflrr 
nrarinninir  the  Iilnst  «nine  riinf ;  hut  if  a  very  triBtnß  qiiariliiy  of  «nnic  [iivviiiu.Hly 
icMcd  ««(•»tunctf  fonttiiiiin^,'  «nia  «lill  iidliorv?«  to  it,  tlic  intense  r^ldi^li-ytllow  flitni«;  will 
be  pennanent  and  tlie  wire  mu.*!  \k  cIoon«c»I.  citlier  by  wflrraiiiu  n  wiih  hyilr<K;liIoric 
•dd  in  a  irnt  tuhp  und  lhi>n  wuhinir  it  with  watvr,  or  by  fusing  a  little  bi^iMlphnie  of 
pottiw  OD  it  aod  tbi>a  aliakinj;  this  ofl*. 

The  Colors  inrpartcd  to  the  unter  flume,  by  heating  various  bodies 
with  the  blue  flame,  are  yeUote,  viiiU'i,  red,  green,  and  bhm. 

I.  Vriinw. — All  &Kla  salts  fu64^^  in  contact  with  the  point  of  the 
bine  flame  color  the  onter  flame  intense  reddish-yellow.  A  large 
■dmixtnrc  of  other  sall^  the  bases  of  which  color  the  fliime  less 
intrnitplr  Ihan  soda,  does  not  oonoeul  this  reaction.  Small  splinb-rs 
of  ■"  '■ont4iiniitg  smla,  strongly  heatetl  or  fu?fd  in  the  fon-eps, 

eo:-  me  more  or  less  strongly,  according  to  the  proportion  of 

aoda  in  th<-m. 

3.  Vitilff. —  I*ot!issa  and  most  of  its  salts,  with  the  exception  of 
honte  and  phosphate,  ns  well  as  salt«  of  rubidium  and  eut'sium  and 
Ihe  componnda  of  indium,  tinge  the  onter  flame  with  a  blaisb-Tiolcl 
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color.  The  three  latter  eK-mi-nta  being  oxcecdiogly  rare  and  acca^ 
ring  >n  ver}'  uiinutc  r^uautiUes,  the  moui  im\yjnjxal  culor  is  tkut  pro 
ducud  lir  potds«ik  Krert  the  miautoät  mixture  of  a  sodu  suit  iklicn 
tliis  rtruclion.  ^  that,  although  a  feeble  viukt  O'jlor  caa  bo  seen  quite 
distinctly  neur  the  assay,  the  int«D6es4>daAameissp|>aront  ntugix'ul«r 
distance.  If  the  amount  of  the  »xla  ^ult  risi'S  V*  e^verul  per  oeut^ 
the  polusaa  ivactiou  is  entirely  eouceulfd.  und  iu  such  aiaes  the 
colored  ÜaniL*  is  vicwtfd  through  blue  cuhalt  gloss,  or  a  solutiou  of 
indij^o.  tu  nviij^ize  the  potüssu  flame.  Oä  will  be  iiiure  jJitrtieularly 
di'ecniK.'d  under  potui-sa,  p.  124.  The  |)i)tufrtia  reuctiuu  is  likewise 
voucculed  by  liLhium,auIcs8pre6eutin  verysmull  quantities.  tiUicated 
Ootiiaiuing  lunäiderable  putussu  only  produce  the  viulel  äame  when 
perfectly  tree  from  soda  and  lithia  and  rather  easily  fuäible  ou  the 
edgi'ft. 

.'1.  lied. — Tliere  are  three  bodies  which  produce  a  r«d  flame :  liihia, 
»irvutUu  and  lime, 

K.  /^iV/<iVi  iind  its  salts  produce  a  earmine-red  flame,  the  chloride 
coloring  nio&t  iuteusety.  Notable  admixtures  of  putassu  aaltadu  nut 
prevent  the  reaction,  hut  produce  at  mögt  only  a  violet  shade;  quite 
ftoiall  qiLinlities  uf  m\\i\  suits,  Iiowcvlt.  itutGce  lu  change  it  to  a  yel- 
loMieh-ri'd  flame.  With  a  cousidcrnble  mixture  of  a  &<Kta  salt  the 
flame  l>eeomes  only  intense  re<ldish-yellowund  cannot  l^edislinguidi«! 
from  a  puiv  mid«  flume.  The  means  of  dit-tiriolly  rent^inKintj  Httiia 
in  such  ciirt-s  an*  given  under  the  tithia.  p.  133.  Many  of  the  lithia 
niiueraU  »how  theprt-sence  of  lithia  more  or  less  distinctly,  as  Icpi- 
doUte,  siiodiimenc,  und  petalite,  Triphylite  (phoaphftteof  lithia,  imu, 
and  maiiguui'fte)  fused  in  powder  on  platinum  wire,  produoe«*  in  the 
oul^'r  fliinit'  a  red  ntn-ak  of  Hihia,  surrounded  by  a  green  envelope, 
whi^'h  rcflnlt^  fnini  the  phosphoric  acid.  The  reaction  cannot  be 
roadily  obst-rved  in  tiie  forceps,  beeausc  triphylite  fuses  easily.  Vidi 
hIao  nilieate*i,  under  lithia.  p.  135. 

d.  Strotttia. — ('hlorideof  strontium  prodnces  immediately  a  crim»on 
ihime.  Many  »trontin  Halts,  as  the  oarhonat*',  strimfianite,  and  snl- 
pliati',  rfit'ttHlf,  whi'ii  healeii  iu  the  forceps,  eolor  ihe  flume  at  flint 
pulc-yellüwisli.  but  afUrwai\l  crimsun,  |»p.  J41,  and  142.  In  presmce 
uf  oonsiderable  haryta  the  strontia  flume  may  be  entirely  concealed 
by  the  gn-en  hiiryl»  flume. 

/.  Atmff. — ('htoride  of  calcium  produces  a  red  flame,  less  intends 
tliiin  chloride  nf  strontium  aud  mixed  with  yellow.  Fluorite  füs« 
al.  Ilrm.  ami  colors  the  flame  yellowish,  but  as  the  fus<xl  mineral  is 
altered  (o  huaic  fluoride  of  ealoium  and  become«  less  fusible,  the 
Uamii  lihangi»  lo  an  inteuic  yellowish-red  lime  flame.     Most  ptire 
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colcit^  and  compact  Umc-stooes  yield  a  pale-yellowieh  6ame  atflrstt 
but  oA  the  ciirbouic  acid  \a  expelled  a  ml  Uanie  appi'ai-ä,  which  it, 
liowever^  less  intense  Uiaü  with  tlie  two  sails  above  uamed.  The 
[irt'seuco  of  baryta  prevents  the  reactkiu.  Gypeura  and  iiiiliydrite 
pruduoe  ui  first  only  a  fetble  yellowish  Uumc,  but  ufltrwurd  u  alight 
rtd  fiame.  Among  the  silicates  woHtwlonite  alone  produces  a  feeble 
red  lime  fi&me. 

■4.  Gretn. — ScTeral  bodies  prodace  a  gre«n  flume,  via.,  oxide  of 
copper,  fhuUinmt  boracic  acid,  IcUuroui  acid,  baryta^  moiybäiCj  and 
phoaphitric  acitU, 

a.  Ozidt  of  copper,  both  alone  und  in  combioaiion  with  ocidi 
which  theniDeWt«  produce  no  coloration,  gives  an  enipnild-jrret'n 
Hume,  viz^  curbouate  and  nitrate  uf  copjK-r.  Silicates  and  other 
oompounds  contnining  oxide  of  copper  also  generally  produce  a  very 
int«h84i  gTMfo,  as  dioptase,  ohryeocolla, and  Cbe  same  is  obluinud  when 
copper  forms  an  nnesseutial  ingredient,  as  in  tnrquoi«  and  many 
specimeiu  of  smithsunite.  Corabinationa  of  copper  and  iodine  also 
r-nnse  a  very  intent  gtwo  fiame,  and  metallic  copper  melted  oo  coaü 
and  not  entirely  protected  from  the  air  is  oxidized  and  rieldj  an 
einenild-green  flAme. 

id.   Tkaiiivm. — Wlien  melted  on  ooal  and  touched  with  the  tip  of 
the   tdne  fliune  this  mt-taj  ii  snrroaaded  by  a  green  flume,  ]i.  07. 
t«  salts  give  &ti  intenH:  green  Qame, 

7.  Boracic  acid, — Both  the  native  and  ardfietal  acid  prodnoe  a 
«Ho wish-green  flame,  bnt  if  not  quite  free  frnzn  soda,  the  ?rven 

tine  is  miscd  «ith  more  or  less  yellow.    Several  of  ihe  ' 

ntaining  boracic  acid,  as  datolite,  boracite,  prodace  a  <: 

'eUowish-£re«n  flame,  while  others  mast  first  be  finely  pnlverised 

id  tretttrd  on  plntuusi  wire  with  salpharic  acid.    Bona  pradncM 

yellow   ttanie,  on  aoooant  of  ita  »oda,  bat  if  neHed,  palTemed, 

oi«tenod  with  sntphono  acid,  and  heated,  an  inteaiely  green  flaine 

{irodnoed  lor  a  fbort  time,  which  changes  to  yeUo«  again  a« 

IÜ  aa  the*  atlt  ic  decompoBed  or  all  l3ie  free  salpbaric  acid  gone. 
nothvr  and  rery  fare  nwaaa  of  deteotii^  botneie  acid  in  minerala, 

its  green  flame,  haa  bcca  propoaed  bj  Tvraer,  and  will  be  qw- 
ully  i]4-^*rth>ed  noder  bonde  add,  pt  36L 

6.  TeilurtfUM  add  fiiaea,  fiaaaea.  and  oolan  tl»  flaae  gRca.    The 
ellanvtis  aöd  <l«)io«t<d  on  ooal  during  the  tRatmeat  uf  a  tcQwiiai 

di^appeiarB  with  agT««n  color,  or  in  preaenoe  of  arlwiiam  a  bloä^ 

n  cohfc,  p.  60»  if  treated  with  the  bine  flame. 
ISart/ia- — CbJonde  of  barinxa  jielda  ai  fliat  a  fifi  gm 
^hif^h   aflerwar^   baooMis  tntenae  yellDvidHgnea.     The 
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finest  when  very  littlo  of  the  ealt  is  employed.  Carbonat«  of  baryta. 
wU/urite.  and  sulphate  of  baryta,  barite,  also  color  the  flame  yellow- 
ish-groon,  but  less  intensely.  The  reaction  is  not  prevented  by  the 
pivsi^uoi*  of  lime,  as  is  shown  by  the  mineral  barytocaJeite,  p.  139. 

if.  MohjMic  acid,  or  binoxide  of  molybdenum,  gives  a  yellowish- 
green  tlaino.  in  which  the  yellow  predominates  more  than  in  the 
baryta  flame ;  molybdic  aeid  volutilizes  mt*anwhile.  When  the  edge 
of  a  thin  scalo  of  tuolt/bdeui/e  is  held  in  the  flame,  it  at  once  pru- 
diKvs  a  vol lo wish -gn-in  molybdic  aeid  flame,  without  fusing. 

r..  rfti'fphoric  itcuL — Fiuhs  and  Erdmanu  have  shown  that  phos- 
phoric acid,  phosphate's,  and  minerals  containing  phosphoric  acid, 
givo  a  bluish-gr^vn  tiamo;  some  of  tliems*?lves.  others  only  after 
Wing  moistened  with  sulphnric  acid.  This  reaction  is  so  sure,  that 
witu  projvr  car<',  evin  very  small  quantities  of  phosphoric  aoid  «in 
U'  dei*otrtl  in  niinends.  wJien  they  are  finely  pulverized,  moistened 
Willi  sulphuric  aoid.  and  treated  in  the  loop  of  a  platinum  wire. 
The  same  is  true  of  salts  which  alone  give  no  phosphoric  acid  reac- 
tion, in  consotpiomv  «.»f  soila  or  some  other  intensely  coloring  ingre- 
dient. If  these  sidis  contain  water,  it  must  first  be  expelled  by 
ignition  or  Insi-^i  on  eH»al,  and  when  sixla  is  pnsent,  all  hough  the 
flame  is  liuite  di#nn«'tly  bluish-groen  so  long  as  the  phosphoric  acid  is 
lilxni^H;  by  tiie  snlj'hurie  acid,  yet  at'terwani  an  Intense  s«^a  flame 
suv  weüs  A>  :iio  Muish-grvvu  flame  lasts  but  a  short  time,  the  assay 
nu'.si  '.'..■  close ".y  wa:e!i(d  as  s<.hmi  as  it  is  bivughi  near  the  blue  flame. 
/*;  '  ■  '.'-T.  ewiui:  I.»  t:h-  oxide  of  had  present,  gives  a  blue  flame, 
till-  t:p*f  whik'h  has  a  ivrsistiu:  grv-eu  ivlor. 

A-:;:v.v'"!A  ard  v.'.:~.y-  Ak'.\.  <-s3».\-i.V;lv  whvn  »vniMncJ.  Toi»::U«f  with  a  blnish-jcrwa 
■\  ;-  ijiiire  5«iv"';ir  i^'  th*:  ^}i  jilio?: b-?rio  *iri.i.  aI:Soajb  fteb^;  *>  do  chloride 


*i.-:. 
.f 


V   -■■'.-    A  M'.'.t    :Vuu:   is  pryHlr.»x\l  by  y-iV'iiMm.   artenie,   lead^ 

.".  .    i\::\  '••■■■  '-■     -'      :;■'-.  and  .".ti-i:  -i-.. 

■..  >  •-  -  :  :";;>..:  wi:';  iv.  ::u  :  h.e  fla'.'.u  on  coaI  volatilizes  with  an 
■-.:;:■,:>.  ..■„?-:•.■.;;  ;i;r.r.(.  T:;e  v\\a:  formed  by  :t  shows  the  same 
r...v :"   ■  ,  *.\  ■■'.■. 

';     »   ^  M-.'a'i.-  srs<:v.o  :■.:;,:  .iTs^u'des  ot"  the  metals  which 

vr.v. .•.■,■  v^'  vv.,-,:,v.  -.•, -v.slS  .j?,  \:.-^  i-'r-f,  fitUitf,  etc»  are 
"  ''■•■"  w;:::  :v  v.:-.  :'.i;:'v  h:;;>-  ■;::,:  :;  >  s".  A  very  volatile 
.  \  .  ,-;  ;•.:-<.•,  -.:>  :;.  o.  -.s  i.^s.^  :\  rv.'.  v:.  ■.»  o  . ::'  .::  oV.y  coached  with 
:  "  :-.iv-.  V^.*;s,  ö-N*vtv:ir>  »-r^  s  ^:r-y  ^  j:{-o;  light-blue 
,v.  T.  y.  V-:^v,a:,>  ^■:    ass»  ■■.?.  ::•..:■.■.>'.■.;*  .=  »  not  color  the 

t:^::; ..  ^  .s.,  i    ..;  V-i;-.  .  • .  O  -^  ,,  ^  -     -.,  ^  -,  ^  v.,^.^^  :^  ^j,^  foeceps. 
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even  wben  the  h&se  also  causes  a  colored  Qamo,  as  with  urseoate  of 
lime,  phorniacolite. 

7.  Lead. — Melinl  on  coal  metallic  It'tid  is  surrounded  l)y  an  oziire- 

■  blm^  flamt'  ami  vitlds  a  coat  of  oxidt;,  wl)idi  if  driven  abuiit  ^ivee  a« 
aKuro-blue  flame  alsu,  p.  67.  Most  Icrnl  salts  treated  on  platinum 
wire,  or  in  the  furceps,  give  an  intense  azure-blue  flume. 

i,  Chlorith  and  bromide  of  copper. — 'i'be  native  and  artificial  chlo- 
rides strongly  heated  color  the  flame  intense  azure-bine,  but  after- 
ward ^rwa  from  oxide  of  L'oj)[«.'r.  l'iiprilerüus  suliBiuuefS,  as  metal- 
lic uxideg  and  «lags,  when  tineU"  pulverized  and  muietcnt-d  willi 
hydrücbtoric  acid,  culor  the  fiamc  azuro-bluc  for  a  short*  time.  Bro- 
mide of  copper  similarly  treated  gives  ut  lirat  a  greeniüb-bluo  flame, 
biit  aftjTward  thu  gret^i  oxid<-  of  copper  flame. 

t.  Antimony  melted  ou  coal  is  surrounded  by  a  acarccly  perceptible 
I  jpvenisli-blne  flame;  if  the  i-esiilting  coat  of  oxide  iä  treated  with 
Lthe  hlue  flume  it.  disupiKvirs,  imparting  to  it  a  greenisb-bluc  oolur, 

.07. 

b.  EzamiiuiUon  of  SubjiUncet  with  Reaganta. 

Reagents  »re  nscd  in  testing  substances  which  without  them  yield 
|tiu  certain  indications  of  thtir  comjwsition,  and  the  reagents  Iwat 
suited  for  thitt  purpose  are  bornx^  suit  of  pho.tphoruit,  nod^t,  nmX^tolu- 
If  ton  of  nitrate  ofcubali. 

Substances  wliich  tlie  preceding  tests  have  shown  to  be  free  from 

combustible  bodies,  can  be  at  once  treated  with  the  above  reagents; 

lulphidea  and  arsenides  of  the  metals,  and  oxide«  mixed  with  them, 

must  be  prepared  in  most  cases  by  removing  the  sulphur  and  moet 

ft>(  the   arsenic,  and  by  thoroughly  oxidizing  tiie  metals.     This  is 

done  by 

»Roasting  the  SubstuTice  on  charcoal 
Thirty  to  fift^y  milligr.,  more  or  less,  us  required,  of  the  Tery  finely 
pnlwrized  suhsbincc  is  pressed  dowu  with  the  spatula  or  knife-blado 
itoa  thin  layer,  in  a  quite  shallow  cavity  scraped  on  the  coal,  and 
treated  at  Ci-st  with  a  feeble  0.  F.,  so  that  the  assay  is  touched 
[)ti!y  by  the  tip  of  the  out<jr  flame  and  heated  to  low  redness.     Ki>et 
of  tho  sulphur  then  volatiUzes  us  sulphurous  acid,  the  metals  ar« 
»xidizcd,  and,  since  snlphurons  acid  has  a  tendency  to  change  into 
lulphuric  acid  at  the  exjiense  of  already  formed  or  turming  metallic 
oxides,  these  are  converted  partly  into  sulphates,  and  also,  in  pnsenco 
if  arsenic,  into  arsenates.    As  soon  as  the  fumes  of  sulphurous  acid 
%n  no  longer  be  smelled,  a  feeble  R.  F.  is  employed,  which  reduce« 
tie  sulphates  niid  arsenates  for  the  most  part,  while  the  arsenic   \^ 
oore  or  lea«  completely  volatilized,  according  to  the  ease  or  diflioult» 
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Mith  wliiili  till'  iirsfuidt'S  yield  up  their  arsenic.    When  the  arsonica] 
oiior  iM'nsts  tin-  assay  is  oiu*f  moru  ignited  with  a  feeble  0.  F.,  gener- 
ally  (itti.oint;  a  uli^jiit  odor  (tf  enlphurons  acid,  and  then  the  assay, 
wliich  sluuihl  only  be  Imked  together,  but  not  sintered,  and  much 
li'Ms  t'listHl.  is  tiinu'tl  with  tlie  epiitnla  and   the  other  side  treated 
«Iirrnatcly  with   the  O.  F.  and  K.  F.     After  roasting  this   side  th« 
I'oln'ii'iit  mass  is  pitwdrrt'd  in  the  agate  mortar,  and  since  it  is  not 
I^V't'  IVoni  ilissi'niinatod  snlphntes  and  arsenates,  or  may  even,  if  not 
i'iU\rnUy  (Mumgli  rtuistiiK  still  contain  a  trifling  amonnt  of  sulphides 
and  arsonidi's.  it  is  rt^placcd  on  the  coal  and  again  roasted  on  both 
sidt's.     Sulphur  is  fivipiontly  mon*  easy  to  expel  than  arsenic,  but 
t!nM-c  art'  uhMallic  suljthidos  which  can  be  converted  for  the  most 
part  only  into  sulphates,  as  sulphide  of  lead;  it  is  also  not  very  easy 
to  oon\«  rt  sulphiiK'  o\'  I'opiHT  into  oxide  quite  free  from  sulphate,  by 
r.-a-tinii.  .lUhoujrh  »vntinned  lioating  alters  the  sulphate  into  toler- 
aM\  purt^  o\ivie.     Uy  mixiuj:  the  rv\isteil  ass;»y  in  the  mortar  with  an 
e.;u;il  \olunu'  of  «arlvnate  of  ammonia  and  again  feebly  igniting 
the  m AUMV  ^Ml  eeal  in  ilie  O.  F,.  .«ulpliate  of  ammonia  volatilizes 
avd  K'a\»'>  il;e  oxide  of  lop^vr  fr^v  fuym  sulphuric  acid.     Arsenic 
o:\'u   rvni:n'.'*  ol'siinately   ivnilMnetl   as  acid  with   certain   oxides, 
es;-,\-;r.'\   pr\*:e\-.des  of  nickel  :ind   ivKilt.      Antimony  volatilizes 
Ki;  .'x  ;*;  •,;;.*  ev.isi-:  as  o\-.*.e.  wh.'e  :he  n-nia-nder  is  c^mverted  into  a 
i-\*v.  ,vvi':i;  a:  x'u  o:'  oxv.o  »':"  an;i;nony  and  aniimonic  aciti.     If  the 
>.;;vvv  *-\':;:;i\:".s  luv.e":  sv.':p:'.\:e  et'  a!::iinony.  lead,  or  any  other 

N '\  ■,',:•.•'*.'  >-.;'.vh  ^ü^  ar..i  :>  ".a'le  to  >i':v.  as  with  tetrahetlrite. 

•'.•.•■.•••  ..-.  .;»■.,  .:  -s  w,"'.  vr>:  :e  e\;v!  :r.--'  volatile  snlphides  by 

^  .•■•  .V.  .v\i".  r-Av^v-  ;■■;;  :■■*■'.;•.  Vy  '.':■:  ..w»:?  fermeo,  and  to  ro:ist 
»       .■  :,>  ..  1..  ;;:\v  ;;>.;:■.  v.:"v7  :  r^;  ;:.     To  avoid  the  escape  of 

^.-   ....   :",:■•■.*.  -;;'.•-..■.•■.•.•*  .-.^v :.r.v.:v.j;  ::v.-.o"r-.   Är^^r.:."  may  fir?t  be 

•  v  ■   :;■  .>s  •. ;  A-,  «  -v.  :h:  i;r.s:iT  txirt  of  it  sublimes 

.X         X   ,.  .:.  .;   .:  >  ■  ■,  ,  •■      -  <.-v"*.;r  v.":i::/res  as  sn1phur«ns 

V  -■.■      '.^  .,.  :^-v  N  —   s.  ii'v,"  ".'  .v.r    :"  ira?rv  or  snlphnrons 

;    '"     ;  "'  ^      1^    s  .'   ■   .<v  ,A-ÄV.;.  ir.:  must  admitof 

•   -"   '    •     -    -     ■  .i>.-^       ■,   ;vA,:.-;  .:h;r-w:9t  h  nnsT  be 

^^ '-  >  -         .X   .......    ,.    -.NT. '■>  ,v- •».■:->- >i:decr»ei«Vi«r. 

sx..,,         ..     ......    .  ..^  ^      -.«..i  •  V  »:*.3ij.  ».-«r  »vÄaäSifti  W 

'     ^  ■*■•■     '     -     -        '     »  -   -\>    -i.  •».>  .^u   :iNs  ^  VRT  cuCt 

-  .-.s  .   „  .   ..     XV  ...     f^-'-.T  St3M  JM«  «m  »1- 

.■  ,  .  ■    xx    S   ..'.»'.XX     ■»  ,.   Ix^    v*.^-. 
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1.  EXAMIN'ATIOX   Oy   SUBSTASCES   WITH   BOHAX. 

This  t««t  is  made  either  on  platinum  wire  or  on  coaL     Earths  and 

»metallic  oxides  are  generally  treate*!  first  on  wire  in  tlie  0.  F^  and 
ihen  in  the  B-  F_  on  wire  or  on  coal ;  roast«!  sulphides  and  arsenides 
apparently  free  Trum  arsenate  of  cobalt  and  nickel  are  likt-'wise  ao 
treated ;  bat  substances  containing  much  of  those  arseitates  are 
treated  at  once  od  coal.  The  part  which  the  borax  plays  as  reagent 
has  been  explained  on  p.  4". 

»The  testing  of  substunees  with  borax  on  platiunm  wire  is  per- 
formed as  follows :  The  bcut^id  loop  is  dipped  in  borax,  and  the  ad- 
hering salt  melted  fo  a  gla«9  in  th«  O.  F.,  repeating  the  operation 
until  the  bead  convsponda  to  the  size  of  the  loop.  The  bead  must 
be  qaite  colorless,  both  when  hot  and  cold ;  if  otherwise,  it  mtist  be 

Iri-mored  by  heating  it  atron^ly,  and  then  shaking  it  off  into  a  small 
Ik)pcelain  ressel,  by  striking  the  hand  holding  ic  smartly  upon  tlie 
table.  The  sncccss  of  the  operation  depends  upon  the  rapidity  of  the 
manipnlatiou  and  the  firmness  with  which  the  wire  is  held  in  the 
hand. 

The  substance  may  then  be  attached  to  the  cold»  moistened  borax 
beadf  or  at  once  caused  to  adhere  to  it  while  melted,  and  is  in  either 
case  fiised  with  it  in  the  O.  F.  It  must  now  be  observed  whether 
^^the  body  disi^olTes  with  ease  or  difficulty,  with  or  without  elferve«- 
Hcenoe,  whether  the  bead  with  the  dissolved  substance  is  colored 
when  held  against  the  daylight,  and  whether  tliis  color  remains  the 
«ame,  or  becomes  lighter  on  cooling,  as  well  as  whether  the  bead 
remain?  clear,  or  becDmes  opaque  when  cold. 

kSome  bodies  give  a  clear  gla.<£  up  to  a  certain  degree  of  raturation, 
l^b  also  ffmains  clear  when  cold,  bat  by  gently  heating  it,  espe- 
fefy  by  a  qnick  intermitting  blast,  the  bead  becomes  opaque,  milk- 
whit«',  or  opalescent,  and  sometimes  colored.   This  operation  is  called 
^mßamittff,  and  generally  produces  a  result  only  with  snch  bodies  as 
^-Ticld  a  glass,  which,  after  perfect  saturation,  is  transparent  while 
fluidf  and  becomes  enamel-like  of  itself  at  the  moment  of  solidilica- 
tion.    This  is   the  case  with    the  alkaline  earths,  yttria,  glucina, 
Izirconia.  oxides  of  oerinm,  tantalic  and  titanic  acids,  etc.     It  does 
lot  occur  with  some  other  substances,  viz.,  silicic  acid,  alumina, 
oxides  of  iron,  manganese,  etc. ;  while  the  presence  of  silicic  acid 
leren  proTonU  the  phenomenon  with  l>odiea  which  alone  give  an 
leuamel-like  ben«l  with  l»>rax  on  cooling.    This  is  shown  by  their 
[silicates,  which  give  a  clear  glass  when  fully  saturated,  and  the  glass 
[only  becomes  opaque  when  snpersatu rated  and  cold.    When  a  boras 
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bead  shows  the  above  phenomenon,  it  is  said  that  the  bead  "becomes 
opaque  by ßamingr  The  cause  of  the  phenomenon  lies  in  the  im- 
periect  fusion  produced  by  the  flaming,  which  causes  a  partial  sepa- 
ration of  the  base  frona  the  basic  borate;  while  in  case  of  u  super- 
saturated glass,  the  base  is  partially  separated  on  cooling.* 

When  treating  a  substance  containing  much  of  a  coloring  oxide, 
or  several  such  oxides,  but  little  should  be  dissolved  at  once,  in  order 
to  avoid  too  dark  a  glass,  the  color  of  which  could  not  be  recognized. 
When  the  glass  is  too  darkly  colored,  it  is  pressed  out  while  soft,  or 
if  this  is  not  enough,  some  of  it  must  then  be  broken  off  and  ^he 
residue  fused  with  fresh  borax. 

The  color  of  a  betid  may  be  examined  with  or  without  a  magnifier, 
and  it  must  be  borne  in  mind  that  the  color  with  muiiy  Bnbstances 
is  different  when  hot  and  cold. 

Tlie  substance  having  been  dissolved  in  the  0.  F.,  the  glass  is 
treated  in  the  It.  F.,  but  with  such  a  blast  that  no  soot  shall  be 
deposited  upon  it.  When  metallic  oxides  or  acids  are  present,  which 
are  reduced  from  borax  only  with  difficulty,  or  not  at  all,  via,,  ses- 
quioxides  of  cerium,  manganese,  iron,  uranium  and  chromium, 
protoxide  of  cobalt,  titanic  and  tungstic  acids,  etc.,  the  bead  may  be 
treated  at  once  on  the  platinum  wire;  but  if  there  are  easily  redu- 
cible oxides  present,  as  those  of  zinc,  nickel,  cadmium,  lead,  etc,  the 
wire  would  bo  injured,  and  the  bead  must  therefore  be  shaken  from 
it  and  reduced  on  charcoal.  The  bead  is  placed  in  a  cavity  on  coal 
utid  treated  with  a  pure  R.  F.  that  deposits  no  soot.  After  blowing 
one  or  two  minutes,  the  glass  is  pinched  with  the  forceps  and  drawn 
out  a  little,  so  that  its  color  can  be  plainly  seen.  If  the  dissolved 
oxide  was  combined  with  a  notable  amount  of  sulphuric  acid, 
sulphide  of  sodium  is  liable  to  form,  which  colors  the  glass  yellowish- 
red,  especially  when  slowly  cooled,  and  a  false  result  may  be  obtained 
unless  this  is  borne  in  mind.  If  the  glass  contains  easily  reducible 
oxides  of  vohitile  metals,  a  coat  of  these  oxides  is  formed  on  the 
coal,  as  with  glass  containing  much  oxide  of  antimony,  zinc,  indium, 
cadmium,  bismuth,  or  lead. 

In  some  cases  a  small  bit  of  pure  tin,  as  large  as  a  pin-head,  is 
placed  beside  tlie  bead,  and  both  are  fused  fur  a  moment  in  the  RF. 
The  tin  has  a  great  alünity  for  oxygen,  and  absorbs  it  partially  from 

•  Rostf  nml  others  have  shown  that  the  npncity  frequently  results  from  the  BepHrm. 
tion  of  the  siil>stnnces  in  a  cryslalHnc  form.  «n<l  O.  H.  Emerson  {Proceed.  Amv.  Acad, 
of  Arts  nm{  Scifncra,  vol.  vi.,  March,  ISGf))  descriU's  very  fine  crj-stals,  obtained  from 
harvta  nml  iiiii^niet'ia,  in  both  borax  and  suit  of  [ihosphoni:*,  as  well  as  other  intcretft- 
inj;  results  conncvtMl  with  the  operation  of  flnmin;:. — [Transl.] 
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the  metallic  oxides  in  the  glass,  dissolving  itself  to  a  colorless  bead, 
while  the  oxides  are  reduced  to  the  lowest  stage  of  oxidation,  and 
produce  a  distinct  color,  which  frequently  appears  only  after  they 
ai*e  quite  cold. 

When  copper  or  nickel  are  to  be  perfectly  reduced  from  a  borax 
bead  containing  few  or  no  other  easily  reducible  oxides,  some 
metallic  lead  may  be  with  advantage  added  to  the  bead  on  coal ;  the 
metal  distributed  through  the  bead  then  unites  into  one  button  with 
the  lead,  ^nd  the  glass  can  afterward  be  further  tested  for  non- 
reducible oxides  on  platinum  wire. 

Many  metallic  arsenides,  as  niccoUte,  smaltitef  cobalt  and  lead 
speisges,  etc.,  in  which  arsenide  of  nickel  or  cobalt  forms  a  chief 
ingredient,  can  be  immediately  treated  with  borax  on  coal  without 
roasting,  since  they  generally  fuse  easily.  The  method  of  proceeding 
will  be  given  under  nickel  and  iron. 

The  following  table,  similar  to  those  arranged  by  H.  Rose,  Aus- 
führt  Handbuch  d.  analyf.  Chemie,  vol.  i-,  p.  795,  and  Scheerer,  Loth- 
rohrbuch,  2d  edition,  p.  44,  gives  a  convenient  survey  of  the  colors 
imparted  to  borax  by  the  metallic  oxides  and  acids,  in  both  the 
oxidizing  and  the  reducing  flames  : — 


TABLE  L    The  Metallio  Oxidea  and  Acids  arranged  with  reference  to 
the  Oolora  which  they  impart  to  the  Borax  Bead. 

WITH  BORAX   ly  THE  OXIDIZIXG   FLAME   PRODUCE: 

n.  Colorless  Beads, 

Silica,  Alamina,  Btnoxide  of  Tin. 
Baryta,  Strontia,  Lime,   Mapicsia, 

Glnpina,  Yttria,  Zircunia,  Thoria; 

Oxides  of  Lanthanum  and  Silver; 

Tant^lic,  Niobic,  Hyponlobic,  and 

Tellurous  Acids. 
Titanic,  Tungstic,  and  Molybdic  Acids ; 

Oxides  of  Indium,  Zinc,  Cadmium, 

Lead,  Bismuth,  and  Antimony. 


Hot  and 
cold: 


When  hi|;rhly   sntuTated  opaqno 
(white)  by  flaming. 


When  feebly  saturated. 


When  highly  saturated;  on  cooling  color- 
less ;  and  opiuiue  by  flaming. 


*.  YeUow  Beads. 

Titanic  Acid,  Tunpstic  Acid, 

Holybdic  Acid ;  Oxides  of 

Zinc  and  Cadmium. 

Oxides  of  Lend,  Bismuth,  1    _,,,..,  ,        i    i  v 

„  ...  \  When  highly  saturated  ;  colorless  on  cooling. 

Hot :       -<       and  Antimony.  J  °    ' 

Sesqnioxides  of  Ccrinm,  i    When  ft'«bly  saturated ;  more  or  less  colorless 

Iron,  and  Uranium.         J  on  cooling. 

Sesqubxide  of  Chromium  (feebly  saturated) ;  when  cold,  yellowish-green. 

Vaüdie  Add ;  when  cold,  greenlBb-yellow. 

« 
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c.  Jied  to  Brown  Bead*. 


Sttqnioxide  of  Cerium ;  on  cooling,  ydlow,  «immcl-lilie  by  ftunhig. 

"  "   DWymiuni  (ro«e<olon!0);  the  wuno  on  cooling;. 

*'  "   Iron  :  on  coolia^,',  jtillow. 

••  "  Umniuni ;  on  cooling,  yellow ;  «uiuel-rellow  by  flaming. 

"  "   Ctiromlom;  OD  cooling,  ydlowtith-^iTTea. 

"  "  Iron  coniaining  Mang:uicsc ;  on  cooHosr,  y«Uowish-nd. 

Prvtuxiilc  of  NickrJ  ( mldiKli-lnuwn  to  bruwn) ;  riolet  while  hot. 
S«iquioxkIe  of  Mnnganese  (riolet-rod) ;  ^Holef  while  hot. 
Protoxide  of  Nlckd  coauining  Cobftli  (witli  Utüo  Oibalt,  riolot-bnnn): 

violet  while  hot 


H«t: 


Cold: 


d.  VioUt  Beads  {amethyst-colored). 


Hot: 


Protoxide  of  Nickel ;  on  coolini;,  retldinh-browo  to  brown. 
Scsqaioxtde  of  Mangnnrse ;  on  rooting,  red  indininir  lo  nolet. 
Protoxide  of  Nickel  containing  Cobalt ;  when  cold,  inclining  to  brownie 

With  much  Cobalt,  violet  when  cold  also. 
Protoxide  of  Cobalt  containing  Manganeso;  the  lame  on  coollo^. 


e.  Blue  Beads. 

Hot :  Protoxide  of  Cobalt ;  the  ume  on  cooling. 

Cold :  Oxide  of  Copper  (whto  highly  Mtorated,  gncnisb-hlae} ;  green  when  hot. 

/.  Green  Beads. 

Oxide  of  Copprr ;  blac  when  cnid  (grvcnish-bluo  if  highly  utamted). 


Hot: 


Cold: 


Svaquioxide  of  Iron  contain*' 
ii)j<  Cob«lt  or  Copper. 

Oxide  of  Copper  containing 
Iron  or  Nickel. 


The  green  color  change«  on  eooUng,  acoont- 
ing  to  the  sBtnniiton,  aa  well  as  the  jaxt- 
portions  In  which  the  oxidei  are  present, 
to  light-green,  bloe,  or  yellow. 


SoiqaioKide  of  Chromlnm  (yellowish-green) ;  yellow  to  red  while  hoL 


WITH   BORAX,  IIX  TBE   BBDCOINO   PLAHB,   PIIODUOE: 

o.  Colorless  Beads, 


Hot  and 
cold: 


Hot: 


When  hlghljr  Mtnrated 
opaqite  by  ftamtng. 


become 


Silica,  Alnmina,  Blnoxide  of  Tia. 
BatytB,    Strvntia,  Lime,  Magnesia,' 

Gladua,  Yttria,  Zlroonla,  Thorla ; 

Oxides  of  Lnnthannin     and  O^ 

nam ;  Tantalic  Acid. 
Oxidt)  of  Indinm,  ScNinioxide  of  Mnnganesc     (Wttb  the  latter  the  glui 

is  liable  to  aasurae  a  feeble  row  color  on  cooling.) 
Nlobic  and  Uyponiobic  Acids ;  when  feebly  saturated. 
Oxldcfl  of  Silver,  Zinc,  Cadndam,  Lead.'' 

BiscDUth,   Antimony,    Nickel,    Tclln- 

rous  Acid. 
Oxide  of  Copper ;  if  highly  satnrated,  opaqae  red  on  eooliog. 


After  lung  blowing, 
thort  blast,  gray, 


(After« 


EXAMIKATIOK   WITH   SALT  07   PHOSPHORUS. 


Ji.   Ydloto  io  BrotoH  Beads, 


Hot: 


Titanic  Arid  (jrelluw  to  hrown);  when  highly  MUnnicd,  ntimel-blae  by 

flsming. 
Tang«tic  Acid  (rellow  to  dark) ;  wben  cold,  bmwniftfa. 
Molrbdlc  Acid  {hruwD  lo  opiw)u«).    (Sepsraicd  tunoxklo  of  Moljrbdenua 

ii  aren  in  ibc  blitck  bead  if  prcsMd  fiat.) 
Vanadto  Add  {brownisbj ;  chrome  grcea  when  cold. 

«.  Blus  Beads. 

Eol ;  Protoxide  of  Cobalt ;  tlw  same  wbea  cold. 

d.  Qr«en  Beads. 


Hot  and 
cold: 

Cold: 


Setqftloxid«  of  IruQ  (vdlowish-or  boitk-grcca) ;  espccUlIf-  when  oold. 
Seaqaioxide  of  Uraniam   (ycllowith-grcen) ;    when  high!/  aatnrated  b*- 

comet  hiack  by  fiaming. 
Seiqaioxide  of  ChnDmiam  (lighi  to  dark  emenUd-groen,  aoconUng  to  ttM 

degree  of  »nturation). 
Vanadic  Add  (chrvme  preen] ;  brownish  while  hot. 


Ö.  Gray  and  Cloudy  Beads ;  the  doudinejis  frequently  appearing 
distittctJy  during  the  biasi. 


Cold: 


Oxidet  of  Silrer,  7inr,  CndrainiD.  I^ad, 
BEsmoth,  Antimony,  Nickel,  Telia- 
roni  Acid. 

Niobic  and  HrponiotHc  Adds,  when  highly  ntorated. 

/.  Red  Beads. 


With  a  ihort  hlut.     (With  a 
longer  blut,  colofieav.) 


Setquioxide  of  Didymiam  (rose-colored).  Oxide  of  Coj^ier  (opaque), 
when  highly  Mtonited ;  colorin«  while  hot. 


2,     EXAUINATIOK  OP  TUB   SUBSTAXCK  WITH   SaLT  OP  PHOSPUORITB. 

This  teat  is  likewise  made  partly  on  platinnm  wire  and  partly  on 
ooal.  The  action  of  the  S.  Ph.  has  been  already  explained,  p.  47- 
The  S.  Ph.  must  be  melted  on  the  wire  only  gradually  in  small  por- 
tionB,  since  it  boils  violently  while  the  water  of  crytitallization  and 
the  ammonia  are  passing  off,  and  if  a  snflicient  amonnt  for  a  teet 
were  fnsed  at  once,  it  would  seldom  all  remain  on  the  wire.  On  cobI 
the  whole  amount  may  be  fnöed  at  once.  The  points  to  be  observed 
in  testing  snbBfjinces  with  borax  hold  good  for  S.  Ph.  as  well.  Silicio 
Aoid  being  very  slightly  dissolved  in  S.  Ph.,  the  silicates  can  be  rery 
easily  recognized  by  means  of  it ;  the  bases  dissolve,  while  most  of 
the  silica  separates  and  Boats  aboac  in  the  fascd  glass  in  the  form  of 
%  gelatinons  ekeletuo.  Jhfany  silicates,  however,  yield  a  glass,  which, 
indeed,  appears  clear  while  iiot,  bat  on  cooling  is  more  or  less 
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opulesccut,  und  the  glass  must  then  be  examined  for  separated 
silica  with  the  magnifier  while  still  hot  Silicates  of  bases  which 
ure  themselves  soluble  with  difiiculty  in  S.  Ph.,  as  alamina  and  zir- 
couiu,  are  decomposed  by  the  suit  with  great  difficulty,  or  not  at  all, 
and  this  is  chiefly  perceptible  with  zircouia. 

The  colors  produced  in  the  S.  Ph.  beads  are  generally  different 
from  those  produced  in  borax  by  the  same  substances,  as  may  also 
be  seen  by  comparing  the  following  summary  with  that  given  on 
pp.  81-83. 

TABLE  n. — The  MaUlUc  Oxides  and  Acids  airanged  with  reference  to 
the  Colors  which  they  impart  to  the  Salt  o£  Phosphonu  Bead. 


WITH  SALT  OF  PHOSPHORUS,  IK  THE  OXIDIZING  FLAKE,  PBODUOE: 

a.  Colorless  Beads. 

Silica  (very  slightly  Bolable). 

Alumina,  Binoxide  of  Tin  (soluble  with  difBculty). 

Baryta,  Strontia,  Lime,  Magnesia,  GIu- 

cina,  Yttria,  Zirconia,  Thoria,  Oxide 

of  Lantbanam,  Tellurona  Acid. 
Tantalic,  Niobic,  Hyponiobic,  Titanic, ' 

and  TungBtic  Acids ;  Oxides  of  Zinc, 

Cadmium,  ladiom,  Lead,  BUmutb, 

and  Antimony. 


Hot  and 
cold: 


When  highly  saturated  beoome 
opaque  (white)  by  flaming. 

When  not  too  highly  saturated. 
(When  highly  saturated,  yel- 
lowish  to  yellow ;  and  color- 
less on  cooling.) 


b.  Yellow  Beads, 


Hot: 


Hot: 


Tantalic,  Niobic,  Hyponiobic,  Titanic,  and  1 
Tunptic  Acids;  Oxides  of  Zinc,   Cad- 1  ^"»    ^"«^^    «torated; 
mium,  Lead,  Bismuth,  and  Antimony.        )        **"'  colorlees  on  cooling. 
Oxide  of  Silver  (yellowish) ;  opalescent  on  cooling. 

When  feebly  saturated,  colorless  on  oofrf- 
ing.    If  highly  saturated,  red  wfaOe  hot, 
and  yellow  when  cold. 
Sesquioxide  of  Uranium  ;  yellowish -green  when  cold. 
Vanadio  Acid  (dark  yellow) ;  lighter  when  cold. 
Protoxide  of  Nickel ;  reddish  while  hot. 


Gesquioxide  of  Iron,  Sesqui- 
oxide  of  Cerium. 


c.  Red  Beads. 


Hot: 


Scsquioxidcs  of  Cerium  and  Iron.    If  highly  saturated,  yellow  on  OOoUi^ 

"  "  Dic'ymium  (rose-colored  when  highly  saturated). 

Protoxide  of  Nickel  (reddish) ;  yellow  when  cold. 
Sesquioxide  of  Cliromium  (reddish) ;  emerald-green  when  cold. 


d.  Violet  Beads  {amethyst-colored). 


Hot: 


Sesquioxide  of  Manganese  (brownish-violet);   on  cooling,  lig^  reddbb 
violet. 


£XAMIKATION   WITH  SALT  OF  PHOSPHOfiUS. 
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e.  Blue  Beads. 

Hot:  Protoxide  of  Cobalt ;  the  same  on  cooliDg. 

Cold :  Oxide  of  Copper  (greenish-bloe  if  highly  satarmted) ;  green  while  hoL 

/.  Green  Beads. 

Oxide  of  Copper ;  bine  vhen  c-old  (greenuh-blae  if  highly  utnrated). 
Molybdic  Add  (yellowiab-green) ;  lighter  on  pooling. 


Hot: 


Cold: 


Sesqnioxide  of  Iron  containing ' 

Cobalt  or  Copper;  Oxide  of 

Copper   containing    Iron   or 

Kickel. 

Senqiiioxide  of  Uraniam  (yellowish-green) ;  reddish  white  hot. 
"  "  Chrominra  (emeralJ-green) ;  yellow  while  hot. 


The  green  color  changes  on  cooling,  ac- 
cording to  the  saturation,  as  well  ai 
the  proportionB  in  which  the  oxides  are 
present,  to  light-green,  blue,  or  yellow. 


WITH  6ALT  OF   PHOSPHORUS,  IK   KEDL'CIXQ   FLAME,  PRODUCE  : 

a.  Colorless  Beads. 

Silica  {very  slightly  soluble). 

Alumina,  Binoxide  of  Tin  (soluble  with  difficulty). 

Baryta,  Strontia,  Lime,  Magnesia,  Glucina,  ^    When     highly    satnntted, 
Yttria,  Zircooia,  Thoria,  Oxide  of  Lan-  I      opai|ue  (white)  by  flam- 
Hot  and  )        thaoum.  )       ing. 
^m .           Sesquioxides  of  Cerium,  Didymium,  Manganese. 

Tantalic  Acid  ;  Oxides  uf  Silver,  Zinc,  Cod-  J 
mium,  Indmm.  Lead.  Bismuth,  and  An-  f   ^^  l*»"«  *'•<»*'"»■     (^ther- 
timony ;  Tcllurous  Acid.  J        ****  «™y-) 

Protoxide  of  Nickel  (particularly  on  charcoal). 

b*  Yellow  to  Red  Beads. 

Sesqnioxide  of  Iron  (yellow  to  red) ;  on  cooling,  at  first  greenish,  then 

reddish.    ' 
Titanic  Acid  (    '*'>••  )  ;  violet  on  cooling. 
Byponiobic  Add  (violet-brown) ;  particularly  on  coal. 
Sot :        ■<    Vanadic  Acid  (brownish) ;  when  cold,  chrome-green. 

Titanic  Add  containing  Iron.    |  (Yellow);  when  cold,  brownish-red  (blood- 

Tnngstic  "  "  "       t      red). 

Niobic       "  "  "       / 

Hyponiobic  Add   "  "       f  (Browmsh-red) ;  when  cold,  dark-yellow 


Cold 


Violet  Beads  {amethyst-colored). 

-\ 

d.  Blue  Beads. 


IHobtc  Acid  (highly  saturated) ;  pale  dirty-blue  while  hot 
Titanic  Acid  (even  when  moderately  saturated) ;  yellow  while  !■«>*. 


(    Protoxide  of  Cobalt ;  also  while  hot. 
Cold  :      ^    Tnngstic  Acid ;  brownish  while  hot. 

/    Niolnc  Add  (very  n  hly  saturated) ;  dirty-blae  while  hoL 


8C  PLATTXEB^e   BLOWPIPI    A.HALTSIB. 

e.  Green  Beads. 

(  S^Jiquiuxitle  of  Unniam ;  leu  flae  vhUe  hot 

]  Uoljbdic  Acid ;  dirty-gnsen  while  bot. 

Cold  :        I  Vftnadic  Acid  ;  browniah  while  hot. 

[  Ses«iiiioxide  of  Chrumium ;  reddUh  while  hot. 

/.  Gray  and  Cloudy  lieadg ;  the  cloudiness  frequsntljf  appeartJtj 
diitincUy  during  the  bUist. 

I    Oxiden  uf  Silver,  Zinc,  Cadmium.  Indium,  ^    Most  raadOj   oo   coal  ud 
C'Md :      J       \ji»A,  BiiimuLh,  Antimon;^,  Nickel ;  Tel-  \       with  tfai.     Otdoriew  afhr 
^       luroiu  Acid.  j       prolonged  blowing. 

fj.  lUd  Htada. 

i    S<:H'juioxide  of  Didymium  (rose-colon-d). 
C'/!d  :       J    Oxide  of  Copper  (opaque),  when  highlj  satonted,  or  with  tin  oo  dM^ 
(  ooal. 

3.    Examination  op  Substance  with  Caebonatb  of  Soda. 

The  Boda  is  employed,  either  simply  to  fuse  the  substance  together 
with  it,  or  to  efTect  the  reduction  of  metallic  oxides  present^  which 
latter  result  can  generally  be  more  perfectly  accomplished  with  its 
aid  than  by  the  reducing  Same  alone. 

o.  The  fusibility  of  the  substance  with  soda, 

A  large  niimljer  of  bodies  combine  witli  soda  at  u  high  tempera- 
ture, some  yielding  fusible,  and  some  yielding  infusible  compounds. 
There  are  only  u  few  which  yield  fusible  compounds;  they  are 
chiefly: — silicic,  titanic,  tuugstic,  molybdic,  tantalic,  vanadic,  and 
the  acids  uf  niobium.  Fused  on  charcoal,  silicic  and  titanic  acids 
unite  with  soda,  efrervescing  and  yielding  a  clear  bctid.  When  there 
\A  no  excess  of  soda,  the  silicate  remains  clear  on  cooling,  but  the 
titunate  becomes  crystalline  and  opaque.  Tuugstic  and  the  etiler 
acids  likewise  unite  with  soda  with  elTervescence,  but  the  componnd 
sinks  into  the  cual.  Baryta  and  strontia  salts  likewise  give  fusible 
compounds  with  soda,  and  these  also  sink  into  the  coal,  while  most 
lime  salts,  although  fusing  with  the  soda,  are  decomposed,  even 
wiieu  their  acids  are  more  ]x>werful  than  carbonic  acid,  and  the  Boda 
salt  sinks  into  the  coal,  leaving  the  lime  behind. 

The  powdered  substance  to  be  tested  is  mixed  with  the  soda  in  the 
K'ft  hand,  and  the  moistened  mixture,  spread  in  a  shallow  cavity  on 
coal,  is  heated  at  first  gently  to  drive  off  all  the  water,  and  then  aa 
strongly  as  possible.  It  is  generally  advisable  to  add  the  soda  in 
small  portions,  so  as  to  note  clearly  the  changes  produced  by  adding 
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ooQsUuLly  iDcrcosing  amounUj  which  are  spread  moist  upou  the 
fused  niajis.  Many  silicates  which  ar«  themselves  fusible  with  diffi- 
culty, while  their  bases  are  iDfasibIt>r  melt  with  a  little  soda  to  a  clear 
glass;  bat  with  more  soda  Ihey  form  a  ghig-like  or  infusibte  mass 
When  the  assay  is  not  soluble  iu  aoda,  but  is  decomposed  by  it>  it 
may  be  seen  to  gradually  swell  and  alter  m  appearance,  wtiile  it  does 
not  fuse-  to  a  bead  with  the  soda  in  whatever  priiiH>rtiun  it  is  added. 
When  the  substunce  is  neither  dissolved  uor  decomposed  by  soda^i 
the  latter  sinks  into  the  coal  and  leaves  the  assay  unaltered. 

An  a^say  soluble  iu  soda  and  free  from  coloring  oxides»  but  con- 
tnining  svlpJturic  arid  ur  ftulphuT,  yields  a  glass  which  on  couHng  is 
yellow,  or  red  to  yellowish-brown,  from  the  forraatiou  of  sulphide  of 
sodium,  according  as  there  was  little  or  much  sulphur  present.  The 
spread  out  mass  obtaiued  by  fusing  sulphate«  od  coal  with  soda  gen- 
erally has  the  same  color,  and  when  the  mass,  which  has  jHirtially  or 
whoUy  sank  into  the  coal,  is  cut  out,  laid  on  silver  foil,  aud  moist- 
ened tlioronghly  with  water,  it  forms  a  black  or  dark-hrown  si>ot  of 
sulphide  of  silver.  This  reaction  is  frequently  used  in  testing  »' 
substance  for  sulphuric  acid. 

Suhstaucei^  containing  manganeic^  oven  in  very  trifling  «pmntity, 
when  powdered  and  fuäed  with  soda  on  platinum  foil  iu  tlie  0.  F., 
yield  manganate  of  soda,  which  sjireads  over  the  foil,  aud  assumes  a 
Mnish-greta  color  oa  cooling. 

When  the  examination  of  the  substance  by  itself  has  caused  tlie 
presence  of  salts  of  avunünia  or  mercury  to  be  suspected,  some  of  it 
is  i»owdered,  mixed  with  previously-dried  soda,  and  heaUrd  in  a 
mat  niss  over  the  spirit-lamp ;  the  salts  are  decomposed,  and  iu  the 
former  case  carbonate  of  ammonia,  recognized  by  the  smi-U  »nd  by 
red  litmus  paper,  is  liberated,  while  in  the  latter  case  the  mtTCury 
collects  in  drops  or  forms  a  gray  ßlm. 

Wlicn  &tlii-rtti-:>  nn*  fiiK-d  nri'th  mda,  thoy  yield  «licic  K'id  (o  It,  nod  oi5ily  fumble 
Biilicatai  uv  funiii,--),  c<Mii.iinini(  a  low  pruporlior;  ul  riWea.  U[)on  ulding  nwn  5odft 
the  weaker  bwea  nru  !>v|iiintt««l,  and  iliv  mu«  bvcuuuai  infimUle.  Wbvn  the  uxyf«n  of 
the  täliäc  Add  U  At  UxMAi  double  ibut  of  tli£  tkose,  the  iulditii>a  of  ju^c  tlie  rittht  aoiount 
ofMMlaruniu  a  clear  ylais,  wlilch  rcmdios  clear  on  cooling,  pKi\'ided  ihc  r»uliinff 
double  ätlicalc  U  fuiible.  When,  however,  tix'  oxygvn  of  i\w  acid  h  just  «innl  to  that 
of  tbc  baae;  llie  auuy  h  indeed  generally  decompoced  by  K>dn  uith  cflvrvp.vpnri-,  bnt 
cannot  \to  FumhI  to  a  rlrai  |^an,  Iwcauw  the  ne«nttint[  donblo  bUirat«  !.■  tuo  iiifiiMble. 
As  before  nunarked,  fuoiblc  ailicata  of  infusible  boaci  yield  with  a  litilc  «odn  a  clear 
({«m:  willi  niure,  an  opaqoc  glou;  and  wilbitill  more,  are  isfiuible,  because  llti'tr  beam 
«n  Mpuuled  by  the  kkU. 
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nifl  Oxidixxl  Mineral!  arrftaged  according  to  their  ftulbility  and  behavior 
with  Carbonate  of  Soda. 

A.  Minerals  Fusible  to  a  Bead. 


a.   With  soda  yield  a  fluid  bead: 


Acmite, 

Allanite  (Ccrinc) 
Axinite,  Ä, 
Boracite,  A, 
Borax,  A, 
Botryolitc,  A, 
CrocMolitc, 
Cronstecltite, 
Datolite,  A, 


KItfoHtc,  A, 
Kadialyte, 
Gamct, 
IleWite, 

IlTtlroboracite,  A, 
Ilvaitc, 
I^Iinidurite, 
LapiD  Liiztili, 
Mien,    from   primitive  lime- 
stone, 


Oligoclase, 

Pyrosmaltte, 

SaMolite,  A., 

Scapolite,  A, 

Sodalitc,  Trom  Qreenland, 

Spoflamene, 

Talc,  Mack. 

The  Zeolites,  A. 


b.   With  a  Utile  soda  a  bead,  with  more  a  ffhifff/i/  mass: 


Amblrgonite,  Okcnitc, 

Flaorite,  Orthite,  A, 

Garnet,  manfraniferoiis,  Pectolite, 

Manfpinesc,  Mack  silicate  of  Pyrorthite, 
(hydrous  t^'phroitc'!) 

c.   With  soda  onhj  a  »lag : 


Rhodonite,  A, 
So<1alite, 
SordaTatitc, 
Vesuvinnite,  A. 


Arophodcllte, 

Autunite, 
Brevicile, 
Fahlunite, 
HaRynite, 
Hetcro&ite, 


Iron,  phuBphatea  of  sesqui*  Pyrope, 


oxide, 
Pharmacolite, 
PhnmincoMidcrite, 
Polyhftlitc, 
Pymrjnllite, 


d.  Sink  2oith  soda  info  the  charcoal: 

Celcfititc, 


Saponitc, 

Soorodite, 

Tourmaline  (potoBh)  blacK 

Triphyliie, 

AVolframite. 


Witherite. 


e.  Fuse  with  soda  ai  first  more  or  less  perfectly  to  a  clear  masSt  but 
are  derowposed  by  a  snßdent  quantify  of  soda  and  leave  beJUnd  an 
infusible  crust,  while  the  soda  salt  sinks  into  the  coal: 


Anhydrite, 
Cryolite, 


Gay-Lussitc, 

GInahcritc, 


Gypsam, 
Poiyhalite. 


f.   Yield  with  soda  a  reyuline  metal: 

MincraU  consiMinf?  of  reduciMo  metallic  oxides  and  their  rcdacible  salts. 


•  A,  denote«  that  the  mineral  fuses  with  intiimestence,  effervescence,  etc 
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B.  MlNEEALS   WHICH   FUSE  ONLY   ON  THE  EDGES. 

a.   Witji  soda  yield  a  fluid  bead: 


Alhitc, 

Nephclite, 

Steatite, 

Anorthitc, 

Orthoclase, 

Titanitc,  A, 

Kmcrald  (beryl). 

PetaliK, 

Turqnctis. 

Euclanc,  Af 

Sodalite,  irom  Veanviiu, 

h.   With  little  soda  a  fluid  beady  with  more  a  slangy  mass: 

Knsutito,  Hypenthene,  Zoisite,  A. 

Epidotc,  A,  WoUastonito, 

c.  Yield  tcith  soda  only  a  slag . 

Cnqiholite,  Pimelite,  Scheclite, 

Dichroite  (iolitc),  bine,  Pinite,  Serpentine, 

LazuIIte,  A,  Plombogummitc,  A,  Tounaaline  (soda),  greeD,  A. 

Mica,  A,  fh>m  gnxiitb,  Fyrochlore, 

d.  With  soda  goes  into  the  coal : 

Barite. 

e.  Fuse  or  only  swell  up  with  soda^  but  are  decomposed  by  a  suf- 
flcient  amount  of  soda,  leaving  an  infusible  crust,  while  the  soda  salt 
sinks  into  the  coal: 

Apatite  (swells  Dp).  Barite  (calciferou3),  fiiscs. 

C.  IXFUSIBLG    MiNEUALS. 

a.  Give  with  soda  a  fluid  bead : 

Agnlmatolite,  Hisingcrite,  Rutilc, 

Dioptase,  Xieucite,  Sideroschisnlite, 

Fire-clay,  Pyrophyliitc,  A,  Wolchonskoitc. 

Quanz, 

h.  With  little  soda  a  beaä,  with  more  a  slagyy  mass : 

Cerite,  Gadolinite,  A,  Talc, 

Clirysulite,  Fhenacite,  Toarmalinc,  A  (lithia). 

FicroBmine, 

c.  Yield  with  soda  only  a  sl<ig :  • 

^echyoite,  A,  CafiRiterite,  with  mach  soda  Flaoccrine, 

Allophaoe,  metallic  tin,  -  Galmite  (a  zinc  coat), 

Alnminite,  Chloritold,  Gehtcnitc, 

Alnnite,  Chromite,  Gibbsite, 

Alnnogen,  A,  Cbmme  Ochre,  Iron,   wfiqiiioxide   and   iti 

Andalneite,  Chrysoberyl,  salphfltc?. 

Brncitc,  Cyanitc,  Manfranese,  oxides. 

Calamine  (a  zinc  <  ^nt),  Diaspore,  Q^rstcditc, 
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OuTuuvite, 

Tautalite, 

Xenodnu, 

Polyrnijniiu;, 

Thorite, 

Yttrocraite, 

Spinel, 

Titanic  Iron, 

YttrotanuUite, 

Staurolite, 

Topu, 
Wörthitc, 

Zircon. 

d.  Fuse  or  only  swell  up  with  soda,  hut  are  decomposed  hy  a  suf- 
ficient amount,  and  the  soda  sinks  into  the  coal,  leaving  an  infusibU 
crust : 

Alnm  (kalinite),  dehydrated,  Caldte,  Magnesito, 

Aragonite,  Dolomite,  Wavellite,  A. 

Barj'tocalcite,  Epeomite.  dehydrated, 

e.  Sinks  with  the  soda  into  the  coal: 
StTOQtianite,  A. 

ß.  Reduction  of  metallic  oxides  with  carbonate  of  soda. 

Mauy  oxides  can  be  reduced  on  coal  in  the  R.  F.  without  soda,  bat 
when  mixed  or  combined  with  non-reducible  bodies  it  is  not  only 
difficult,  bnt  sometimes  quite  impossible  so  to  reduce  them  that  their 
presence  may  be  at  once  ascertained;  by  lb«  addition  of  soda  Jiis 
can,  however,  be  very  perfectly  accoraplished.  There  are  also  metallic 
oxides  which  can  be  reduced  i>erfectly  with  soda,  bnt  not  without  it 
The  easy  reductiou  effected  by  soda  is  to  be  ascribed  as  well  to  the 
formation  in  tiie  11.  F.  of  cyanide  of  sodium,  which  absorbs  oxygen 
with  great  eagerness  to  form  cyanate  of  soda,  as  also,  without  doubt, 
to  the  fact  that  at  a  sufficiently  high  temperature  the  salt  sinks  into 
tlie  coul,  while  its  carbonic  acid  and  part  of  its  oxygen  are  converted 
by  the  charcoal  into  carbonic  oxide,  which,  in  connection  with  the 
gaseous  sodium  that  escapes,  exerts  a  reducing  action  on  the  metallic 
oxides. 

Tlie  best  way  to  perform  this  reduction  is  to  mix  the  pnlTerised 
usKuy  with  moistened  soda  in  the  left  hand,  spread  the  paste  on  coal, 
and  treat  it  with  a  good  R.  F.  for  not  ton  short  a  time.  It  is  some- 
times difficult  at  once  to  recognize  the  separated  metal,  and  then  the 
wliole  of  tlie  cual  which  is  permeated  with  the  soda  at  the  spot  where 
the  reduction  was  effected,  must  be  cut  out,  triturated  with  water  in 
the  mortar,  and  the  coal,  etc.,  washed  away  carefully  until  only 
metallic  particles  remain.  When  even  a  trifling  amount  of  a  re> 
duciljle  oxide  was  present,  there  will  be  small,  fldttened»  lastrons 
metallic  scales  at  the  bottom  of  the  mortar,  or,  in  case  the  metal  was 
difficultly  fusible,  and   not  soft,  a  metallic  powder.    This  residue 
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[should  be  exiimiucd.  with  the  glass,  and  uuder  waler  with  the  mug- 
!  net,  and  il  nec-ossary,  also  tested  ou  conl  with  burax  and  S.  Ph.,  iu 
lease  a  mixture  ot  s^veml  uitituls  wa^  ubtaiucd. 

Id  order  to  transfer  t]>c  tine  particles  of  metal  to  the  coal,  for  the 

purpojte  of  exuminatiou,  they  are  wiped  from  the  mortar  with  u  bit 

of  filter  paper»  whioh  is  theu  rolled  up  and  burned  on  the  coal.     If 

■      tbcre  is  a  very  trifling  quantity  of  mötal,  the  borax  or  salt  of  phos- 

H  pburus  ucccssai'y  for  the  examiimtiou  is  wmpped  in  the  paper  at 

"^  the  same  time.     When  there  are  several  reducible  oxides  present» 

they  are  generally  obtained  as  an  alloy.     A  little  borax  should  be 

H  added  to  the  sodu  when  treating  tantalates  and  slags«  bo  reduce  the 

"trifling  amount  of  oxjde  of  tin  which  is  often  present    The  cora- 

pimnda  of  tantalic  or  silicic  acid  are  more  easily  diBsolvcd  by  adding 

■  borax,  which  also  prevents  the  reduction  of  iron  tliat  would  other- 

|wise  alloy  with  the  ein. 

Tbe  mctola  reditdble  m  above  with  Roda  ore,  bc»iilps  ilie  nolik  nicUls :  mnlfbdo- 
ioum,  tuugvton,  aiitiouiny,  tellai-iutn,  copper,  bimiiuth,  tin,  lead,  xiiic,  iudium,  cadmium, 
Intckd,  cobaJt,  m\d  iran.  Aivcnic  und  quicksilvur  ore  rnluc«d,  but  voUlilUc  immedi- 
jBKly,  and  am  only  be  obutncd  in  ib«  mcultic  state  in  the  g\ias  tube  or  cDJiinui&.  If 
f! tbe  assay  ojnuiiticd  ftraeaate  of  nickel  ur  (M)Wlt,  n  t|iutc  fuuUc  butlt>n  is  always  ob* 
1  lained.  which  ia  rtodeRd  brittle  bv  tbe  c()n:itdtTa1ik  amount  of  ufAvnic  in  it.  When, 
Lin  uiditiun  tu  uxide  (iri-np[>rr,  thuru  in  nn  oxidt:  iif  ftnliinuii<r  ur  tin  prvsont,  an  easily 
lfu>iblc,  but  brittle,  alloy  of  cupper  and  antinionv  ur  tia  ü  ubtiuncd. 

Neutr(ä  oxaltite  of  potaem,  or  cyanide  of  potassium,  may  with 

ndvaiitiLge  he  suhslitiiU'd  for  soda  when  treating  oxides  of  dlflicult 

educibility,  as  they  have  a  much  greater  reducing  power.    Even  a 

l^feeble  K.  F.  suffices  to  reduce  oxides  of  tin,  irou,  cobaltj  etc.,  imme- 
diately with  these  reagents,  while  sudu  would  require  a  long-con- 

^tiuued  aud  strung  blast.  This  is  due  to  the  fact  that  the  oxalate, 
licated  to  incipient  glowing,  evulves  carbonic  oxide  copiously,  aud 

[this  baa  u  |>i)werful  reducing  action,  while  tbe  aimiiltaiieou»ly  funned 

|carbouic  acid,  which  has  been  absorbed  by  the  potassa  liberated  from 
hf>  decomix>sed  salt,  is  likewise  converted  into  carbonic  oxide  by  the 
wtiou  of  tbe  coal  at  a  higher  temperature ;  the  cyauide  of  pota^iiim, 

ion  the  other  hand,  takes  oxygen  directly  from  the  metallic  oxides  at 
a  low  temperuttirp,and  is  converted  into  cyanate  of  potassa,  so  fur  as 

itbis  oxygen  suiUces.    The  cyanide,  however,  has  the  disadvantage 

Pof  spreading  out  over  the  ooal  at  once,  and  thus  scattering  the  re- 
duced metal;  while  the  oxalate,  although  also  eai>ily  fused,  spreads 

Lifts,  aud  the  m^allic  particles  can  be   more  readily  collected   to 

larger  buttons.     Both  of  these  reducing  fluxes  are  also  prerenible  to 

ickU  when  tbe  reduction  must  be  x>erformed  in  a  matrass,  as  for  de- 
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tecting  a  trifling  amount  of  arsenic,  the  special  directions  for  which 
will  be  given  under  the  examinatioa  for  arsenic 


4.     EXAMINATIOlf   OF  SUBSTAN'CES   WITH   COBALT  SOLCTIOK. 

This  test  can  only  I«  employed  for  snbstances  which  have  a  nearly 
or  quite  white  color  after  ignition  in  the  0.  F.  If  the  substance  is 
not  very  dense,  nnd  will  absorb  the  solution,  a  fragment  of  it  is 
moistened  with  the  solution,  and  gradually  ignited  quite  strongly 
with  the  0.  F.,  being  held  in  thn  forceps.  Friable  substances  are 
mixed  with  the  solution  and  spread  on  coal.  |n  testing  coats,  a  few 
dro)>ä  of  the  solution  are  put  on  the  coat,  and  it  is  then  cautiously 
ignited,  so  as  not  to  blow  away  the  thin  layer  of  oxide.  Crystalline 
gnlistanees,  and  such  as  are  too  dense  to  absorb  the  solution,  must  be 
pulverized,  mixed  with  a  little  water,  spread  on  coal,  and  dried.  The 
crust  is  tlien  moistened  with  cobalt  solution,  and  gradually  heated 
to  a  feeble  glow  in  the  0.  F.  If  coherent,  the  crust  may  be  removed 
from  the  coal  and  held  in  the  forceps.  The  color  imparted  to  the 
assay  must  always  be  examined  by  daylight  and  when  the  assay  is 
quite  coul.  The  colors  frequently  seen  when  the  substance  is  moist- 
ened with  the  solution,  or  on  commencing  to  heat  it,  such  as  blue, 
red,  black,  proceed,  it  is  true,  from  decompositiou  of  the  solution, 
but  are  by  no  means  to  be  regarded  as  indications  of  substances 
s*mght. 

The  quantity  of  solution  required  depends  upon  its  concentration; 
a  few  experiments  will  show  how  much  should  be  employed  to  secure 
iL  distinct  reaction.  A  very  dilute  solution  always  yields  the  best 
resiilte,  as  a  too  concentrated  one  is  liable  to  turn  the  ignited  assay 
gray  or  l)liick. 

The  following  colors  are  assumed  by  some  earths  and  metallic 
oxidcrs  and  acids  on  being  moistened  with  cobalt  solution  and  ig- 
nited: 

n.  ßrotoni8?i-refl,  hiiryis.] 

b.  Flenh-cohr,  magnesia,  tantalic  acid; 

c.  Viohff  zirconia  (dirty-violet),  phosphate  and  arsenate  of  mag- 

nesia  (fuse  at  tlie  same  time). 

(1.  ///»p,  alumina,  silica; 

e.  O'reeHj  oxide  of  zinc  (yellowish-green),  of  tin  (blnish-green), 
titanic  acid  (yellowish-green),  h}T)onidbic  acid  (dirty- 
gfL'cn),  antimonic  acid  (dirty  dark-green). 

/.  Grif;/,  strontia,  lime,  glucina  (bluish-gray),  niobic  acid. 
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Only  a  few  of  these  colorations  are  of  use  in  recognizing  bodies, 
especially  those  of  aluviina,  magnesia,  zinc,  and  tin.  The  blue  of 
alumina  must  not  be  confounded  with  the  blue  produced  by  many 
8ilicat*.'8,  which  is  due  to  silicate  of  cobalt  Tliis  almost  always 
appears  fused  on  careful  examination,  while  the  blue  of  alumina  is 
dnll ;  the  former  also  only  appears  with  a  high  temperature,  and  it 
is  therefore  well,  if  the  substance  after  ignition  with  the  solution 
shows  no  blue  color,  not  to  heat  it  too  much,  so  as  to  fuse  iL  On  the 
other  hand,  in  testing  for  magnesia,  the  ignited  substance  may  have 
assumed  only  a  very  feeble  rose-color,  and  it  can  then  be  more 
strongly  treated,  even  to  fusion,  if  possible,  since  the  red  color  will 
not  only  remain,  but  also  become  more  distinct  if  magnesia  is  present 

The  alumina  and  magnesia  reactions  are  prevented  by  the  pres- 
ence of  colored  metallic  oxides,  which  generally  produce  a  gray  oi 
block  mass,  unless  present  in  too  small  quantity. 

The  methods  of  using  the  other  qualitative  reagents  will  be  de» 
scribed  under  the  special  examiuatioas. 


TABLES 

SHOWniO    THE    BEHAVTOB    OF   THB 

ALKALIES,  EARTHS.  AND  METALLIC  OXIDES, 

ALONE,  AND  WITH  REAGENTS,  BEFORE 

THE  BLOWPIPE. 
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PLATTXEa'S    DLOWPirB    AXALTSt& 


B.  General  roles  for  qualitative  blowpipe  examinations, 
by  which  the  separate  constituents  of  compound  sub- 
stances can  be  detected  with  the  partial  aid  of  the 
wet  process. 

In  the  cTamination  of  compound  snbstAnccs  with  the  aid  of  the 
Wttwpijw  the  wet  proness  h  frt'qitently  inJieponsable  whon  nil  of  the 
in^^^diculs  are  to  be  detected,  hut  even  then  rlie  hloupij«  is  advati- 
Ijigeonslv  used,  not  only  in  caiTving  ont  varions  neeesÄirv  o)>entttoDa 
but  aUo  :l<  »  nuuns  »r  controlling  the  n*«nlL8  and  further  examining 
the  isolated  constituents. 

Before  prooceding  to  decompose  the  substance  hy  the  wit  way,  ita 
behavior  betöre  the  bloxvpipc  shonld  be  uKoertuined,  and  from  tbts 
the  «nturo  of  the  compound  iuferred ;  whether  it  is  a  salt  of  the 
alkulicri,  eartlrs,  or  heuvv  mftals.  or  a  silicate,  and  whetlier  the  com- 
poundg  contain  easily  reducible  nietnLlic  oxides  ;  further,  whether  it 
is  a  cumbinatiou  of  metallic  oxides,  or  o'  sulphides  or  eeleuides»  or 
of  varion-s  metüls  with  one  aimthtr,  in  which  latter  divieion  tJie 
metallic  arsenides  and  tcliurides  are  also  to  be  placed.  The  further 
examination  is  essentially  facilitated  by  knowing  nnder  what  clan 
of  oomponndg  the  unknown  snhstancp  belongs. 

When  tile  oompuuudä  art*  iiiäoUitde  in  water,  the  most  usual  aol- 
Tent  is  bydrochlnric  acid,  and  if  solntion  does  not  take  place  at  the 
nmial  temperature,  the  glass  is  heated  over  the  sitirit.-]amp.  Ktftr- 
vescence  in.iicjtt**»  eitlier  the  pr^'sence  of  a  carbonate,  when  the  car- 
bonic acid  gas  escapes  without  any  odor ;  or  of  a  metallic  oxide  tit  • 
high  etage  of  oxidation,  and  then  chlorine  gas  escapes  and  is  rocog- 
nized  by  its  pungent  odor.  The  latter  phenomenon  occurs  for 
example,  when  the  mineral  contains  se^cpiioxide  or  binoxide  of  mau- 
ganet»^,  wliich  aiv  tmnsformcd  into  pn)tiK'hUiridi'.  The  solution  is 
then  diluted  with  distilled  water  and  examined  for  the  various  earths 
and  acids,  as  will  be  directed  under  the  separare  examinationa 

Tlie  tx'.sting  of  Silicates  with  hydrochloric  acid  la  of  especial  im- 
portance. Quite  a  number  are  wholly  decomposed  by  it,  the  l«aes 
dissolving,  while  the  silicic  arid  separates  cither  in  a  gelatinous  or 
pulverulent  (and  thi>n  iisumHv  mther  voluminous)  state.* 


•  To  ilrttTTnii«?  whether  MlIratM  und  otbcrr  combiniiHofl»  oT  the  mtIIis  ami  netalttc 
oxlilcfi  arc  dccompOMM]  hy  »vUU,  tho  Rao  i^iwiler  iit  iMjilitl  t'or  Ktrnf.  timt'  n'ith  tbc  aeiil, 
mill  a  |>orli(>n  of  tb«  Hnid  te»ted  with  Hiuinonm  »nii  phoxphatc  of  Mido.  If  n  coosidrr- 
nhlv  pn.t:i|iltntc  is  fonnvd  decuuiposiiiuii  hu  taken  {ilacc,  but  if  onlj  ■  fvw  fluclu  hit 
tkmwn  down  the  »ubsuince  if  citbor  not  dccompoii«f1.  or  only  with  difBculty. 
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Whon  the  silicate  is  ontirtly  Uecomposable,  the  whole  is  diliitfid 
[with  water,  liltei'Ml,  and  tlie  tiltraiv  fxainiued,  as  will  be  dir»;ctcd 
[under  the  oxaitiiiiatioLi  of'nlicntes,  (or  the  various  earths.  Should  it 
[not  >»e  wholly  decomposed,  another  small  portion  must  lie  dccom- 
[posLiI  by  fusion  with  ciu-boiiate  of  eodaand  borax,  as  will  lie  described 
F  directly. 

In  ctrtnin  cases  it  is  necessary  to  fuse  a  substance  with  nitre  when 
lexamining  it  for  a  single  ingredient,  which  is  thua  more  highly 
joTiidized  and  combined  as  an  auid  with  the  |Kitnssa  of  the  nitre,  from 
iwhieh  it  cau  be  more  readily  tfeparated  and  then  rccoguized.  ^ome* 
lUmefi,  aldo,  it  is  necessary  to  fuse  a  siihsbmce  with  higuljihat«  of 
[pota«m.  and  to  dissolve  the  fused  mass  in  water,  in  i"»rder  either  to 
free  it  at  once  from  certain  constitueiita,  or  to  convert  the  whole  into 
enlphatee,  and  then  proceed  with  the  separation  of  the  different 
I  cunätituehta  after  solution  in  water. 


\  If ewm  posit  ion  of  the  substances  by  fusion  with  $f>da  and  ItoraXt  and' 
treatment  ofthefv»cil  mags  with  hylruchloric  acid. 

Serenty-fire  to  one  hundred  milligr.  of  the  very  finely  jviwdered 
jsuhtitanee  being  mingli'd  with  *)dn  and  lioni\  *  in  the  agate  raorti^r, 
Jthe  whole  is  wrapped  in  a  äoda-jmper  cyliniler,  made  of  fine  filter 
I  paper,  and  fnaed  before  the  blowpijie  in  a  cylindrical  hole  on  char- 
[cKgil.  or  in  a  charcoal  crucible.  The  quantity  of  Hux  dip<ndä  on  the 
Ifusibility  of  the  substanoe.  Generally,  one  part  by  weight  of  sodu 
laud  one  of  borax  suffices:  bnt  tlie  borax  must  be  increased  up  tu 
jtwo  partö  wbfu  the  substance  contains  much  mitguesia,  alumina, 
jeUioinii.  or  zirconia.  while  a  considerable  amount  of  barite  requires 
(äii  increase  of  both  hoi*ax  and  soda. 

The  O.  V.  nmy  l>e  t-nipluyed  if  the  substance  has  been  found  free 
Ifnm  easily  reducible  o.\ides,  but  otherwise,  as  in  the  case  of  certain 
I  eJngs,  the  R.  F.  muHt  be  used,  su  as  to  ivduce  and  separate  thest* 
(oxides  in  the  metallic  state. 

Usnully  the  quantity  of  reducible  oxides  is  so  small  that  thoy  can- 
Inot  easily  be  rednced  to  a  single  button,  and  then  about  sixty  to 
le:;;hty  milligr.  of  siWert  or,  still  better,  gold,  should  be  added  in  the 
[fcnn  of  a  button  and  the  charge  treated  with  the  It  F.,  just  as 
fdfrected  for  the  cliarge  iu  the  quantitative  copjHir  ai^say,  p.  443. 
Daring  this  oiieration  the  earthy  constituents  and  the  difficultly 
r*dacible  oxides  dissolve  in  the  glass  which  is  formed  by  the  borax 

*  Tli4>  >K>rnc]c  arid  hc-iot:  coinhinptl  with  tht*  eodu,  cxcn-bc«  QO  Injurkm«  ell^l  during 
btot»niurnt  decora ]>usittoa  ot  the  fused  compound  by  iho  wet  procoas. 
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jiiul  soilii,  ami  moU.  to  an  easily  fusible  bead.  The  acids  of  arsenic 
jiiul  Mil'  easily  n-tlueibk'  oxidi'S  are  reduced,  while,  in  presence  of 
^'uIl>lluri^'  at'iil.  tlioiv  is  a  partial  formation  of  sulphide  of  sodium, 
and  pari  of  liie  siilplmr  coniliinos  with  the  reduced  metals.  Tnt 
ivdiuvd  arsenic  is  partly  taken  up  by  those  metals  and  partly  voia- 
tili/i'il.  while  the  lum-vulatile  rod  need  metals  unite  together  and  mi,t 
witli  ilie  silver  or  {jold  to  an  easily  fusible  globule,  which  goes  to  one 
side  uf  the  jrhiss.  The  oxides  of  tlie  metals  that  remain  dissolved  in 
the  ghiss  are  present  in  the  lowest  stage  of  oxidation. 

Sueli  a  I'nsiioi.  whether  with  the  O.  F.  or  R.  F.,  must  be  aocom- 
plisliod  with  an  active  llanie  and  with  proper  patience,  since  other- 
wise no  thori'ugh  deeumpositiou  of  the  substance  can  be  effected. 
Tlte  fnsid  «rlass  must  W  i|uife  lliiid.  as  clear  as  possible,  and  free 
from  bubbles  and  metallic  particles.  If  the  glass  continues  to  froth 
or  >how  bubbles  alter  lon,ir  blowing,  this  is  a  sign  that  either  the 
Mdmi.iu  i>t'  the  non-reducible  iH»rtions.  or  the  reduction  of  the 
rdiu'ible  o\;des.  is  not  o'mpKied.  and  the  fusion  must  be  continued 
uillt  a  li\ely  tlame. 

An  assay  which  has  b»en  fnsiil  in  the  0.  F.  is  taken  from  the  coal 
\Muu  it  has  soUditii-»!.  an.!  after  cUanitig  it  from  any  adherent  coal 
wi;h  ibe  kuite  and  briir!'..  is  tirst  brv*ken  up  in  the  steel  mortar,  or 
!s-M*iv';  pajv:"  on  ;ho  aiiv  1.  and  ilun  pulvirized  in  the  agute  mortar. 
I:  :ir.:s:  Iv  entirely  n  .iiieivl  to  jvwder.  o:herwisi'  jyirtions  of  the 
^'..is<  a;\  ar:  to  nuur.:.  iiVArss-  '.vod  in  :hr  subsi-quent  trt-atnient 
\>  ;:■■  ;K-  J.-i.  ;;r.d  i:  mr.s:  :■  i'u".vir!.-  d  :mni-.Ali:t:e'y.  or  else  the  fnsod 
c'..:>s  «■."';  .»bsv'r'*  m.»:>:-.;r;-  r^aii.'.v  t'r.MU  the  a;r.  becoming  tongh  anil 

\\    V  •.    ."\  .i<'si^  his  \vv.  :•.■.><:.;  i;:  :h-  K.  F.  and  a  metallic  button 

'v.-    .  ,\'.  ".v.;    :.  .■:  «  :  .■;  ::  -.s  ;-.\>Uii;:\:  :'  :i:  :V.o  silver  or  gold  addetl 

V  ..-  "■  ^■   '"..":. v'  u- .-.  ^'..' .■■.:',.■  ^^■.::l  :V.;  riv.-.-.C'.-d  nirtu.s.  the  assay  must 

s    '    '. .    V.;-    •■'.  .  -.■■:.    :'.:.;  >:;i:.    Vy  ir.^szis  •.■i  a  g-xni  B.  F..  and 

•  "  '^^  *■"  •«  V  ■"•■  ■'.".  ^  ■■,  \\::  :  :■■:  :'.-■:  c-.-.r.  :■>  an->:her.  until  it  is 

'  ;;'  ^>  >  •■.■.:■.      ■ . ,  '"r. ;"   ^"    ."".s  -.f  metal  and  bub- 

■"    '-  •■■■•■-■■ '^  "■•■.■■^  :.-  .tv.  ^*   -v".  ".^s;Ä~  ::.     Aft^r  satis- 

^     .-    —y"^    :.^-  ■     <  :  .       ',j-    j  sT/vy-r-i  and  the  assay  set 

^-  ■  ■' ..   ^'  ■  ■  <  -:"■.;■:  ^-::h   the  forceps,  the 

"■    "^    V  ■    ,  ■.       —.       .    ^  -.s*   .-..  :".-.o  s'.etrl  mortar,  or 

■   ''  -  ■  ■■  -*■■'»".■■.•.■.■-  ^  ..s>  yv".-r:^  after  cleansing 

^         .  -,•      .■■.:'      ^\    .„  .       v..  :'.  ■ -j^ji  «,.T  been  puiv  or 

>    ■■■  ;  -        ;  ■■  •'.■■.-..■,■.':    -v  i.s  -AUj  rvaiadn  and  eien 

'  '  "       •     ■  '^     ';V,'.         ".:-     .!•  .:.cv"-.^-äi::.-a  of  the  fmed 
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The  oxides  which  can  be  easily  reduced  by  the  foregoing  treat- 
ment, and  thus  stparated  from  the  earths  and  non-reducible  oxides, 
are:  the  acids  of  arsenic  and  antimony,  and  the  oxides  of  silver, 
mercury,  copper,  bismuth,  thallium,  lead,  tin,  zinc,  indium,  cad- 
mium, and  nickel.  Tellurium,  osmium,  gold,  platinum,  iridium, 
rhodium,  and  palladium  only  occur  in  nature  in  the  metallic  state, 
and  can  therefore  readily  be  separated  from  the  non-reducible  oxides 
and  earths  by  the  addition  of  silver  or  gold.  The  volatile  metals 
either  escape  entirely  in  fumes  during  the  fusion,  or  only  in  part. 
some  of  them  coating  the  coal,  while  those  that  remain  unite  witl\ 
the  added  silver  or  gold.  The  manner  of  conducting  the  further 
examination  of  the  reduced  metals  may  be  inferred  from  the 
remarks  upon  alloys  in  the  detailed  examinations  which  follow, 

The  oxides  of  the  iieavy  metals  which  cannot  be  reduced  by  fusion 
in  the  R.  F.  with  soda  and  boiiix,  are :  the  oxides  of  chromium,  ura- 
nium, cobalt  (iu  the  absence  of  arsenic  acid,  or  when  the  cobalt  is 
not  present  in  too  great  quantity),  iron,  mangjinese.  and  cerium; 
and  the  following  acids:  molybdic,  tungstic,  tantalic,  niubic,  and 
titanic.  Tlie  above  oxides  can,  however,  be  readily  separated  again 
fVom  the  earths,  for  the  most  part,  and  recognized  before  the  blow- 
pipe, as  directed  in  the  various  qualitative  examinations. 

After  finely  pulverizing  the  fused  glass,  it  is  moistened  with  an 
abundance  of  water  in  a  porcelain  dish,  Fig.  G2,  and  then  as  much 
hydrocliloric  acid  is  added  as  will  dissolve  all  of  the  jwwder  and 
leave  some  free  acid.  Tlie  dish  is  placed  upon  the  evaponitiiig  ring. 
Fig.  7,  over  the  lamp  flame,  and  the  |x)wder  stirred  with  a  sK'uder  glass 
rod,  until  the  soluble  portions  have  been  separated  from  thi'  insolu- 
ble. The  presence  of  sulphide  of  sodium,  always  formed  if  the 
substance  contains  sulphuric  acid  or  sulphur,  causes  evolution  of 
sulphuretted  hydrogen;  the  other  constituents,  excepting  silica,  are 
converted  into  chlorides  and  dissolved  by  tlie  dilute  acids.  Occasion- 
ally almc^it  all  of  the  silica  also  goes  into  solution.  Since  usually 
only  combinations  of  silicic  acid  are  decomposed  by  fusion  with  soda 
and  borax,  it  rarely  happens  that  molybdic,  tungstic,  tantalic. 
niobic,  und  titanic  acids  are  here  met  with.  After  efl'eeting  the 
solution,  the  whole  is  evaporated  to  dryness,  and  this  should  Ik-  dfiUL* 
wrliere  the  vapors  may  not  escape  into  the  laboratory,  in  case  to(» 
much  free  acid  is  present  The  evaporation  should  be  cuuductt-d 
gradually,  especially  toward  the  end,  and  carried  to  dryness,  so  as  to 
remove  the  excess  of  acid  and  to  render  compact  the  silica,  which 
separates  in  a  gelatinous  state  during  the  process. 

When  the  solution  has  been  evaporated  to  dryness,  so  that  only  the 
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slijibti'st.  ])08sibli.'  odor  of  escaping  acid  vapor  can  be  perceived,  the 
mass  is  moistoiu'd  with  bydrochloric  acid,  and  aft^r  some  time  ia 
I'tiViTod  with  distilled  water.  Then  the  dish  is  set  over  the  lamp 
Hanio.  in  ordtT  to  dissv>lve  the  oliJorides  and  separate  them  from  the 
insoluble  portion,  which  in  substances  decomjwsed  in  this  way  gen- 
erally consists  of  silica  alone.  Tht-  silica  can  Iw  Tery  readily  separated 
fivm  the  solution  by  filtration  and  washing  with  water,  after  which 
it  may,  if  uei'oss;iry.  be  tested  B.  B.  with  soda. 

Sistniinxide  of  iron  is  reduced  during  the  fusion  to  protoxide,  and 
is  not  jHTlectly  restored  to  the  state  of  sesqnioxide  during  the  treat- 
ment with  hydn^ciiloric  acid,  and  least  perfectly  when  there  is  Tcry 
mueli  iron  pn'sent.  This  being,  however,  essential  to  the  certain 
detection  of  the  se]>arate  ingn-dients.  the  tiltrate  from  the  silica,  with 
the  tirst  portionsof  the  wash  water,  must  be  boiled  in  a  test  tube, 
with  A  few  drops  of  nitric  acid,  so  as  to  convert  the  protoxide  of  iron 
iiu«.»  sesquioxide.  The  nitric  acid  necessiiry  for  the  peroxidation  of 
the  irv*n  may  Iv  addi-tl  at  once,  before  the  evaporation,  when  it  is  not 
desirable  to  have  resarvl  to  <he  formation  of  sulphuretted  hydrogen, 
which  may  ensue  on  tn'atiug  the  fused  assay  with  hydrochloric 
acid. 

The  Kises  ivutaiurtl  in  the  tiltrate  from  the  silica  are  separated  by 
metb^nls  that  will  be  given  under  the  detailed  qualitative  examina- 
tions for  ditVeriMit  earths. 

Fusi-n  o/ suhfftJHtt;«  tri,'^  uitr<!  or  bmtlphate  ofpotasfa. 

This  fusion  is  s-'metimes  ivrr'onned  simply  in  the  loop  of  a  plat- 
inum w:r\'.  but  ot'tener  in  tlie  phitinum  spoon.*  Powdered  and 
fr::i'  ".•  s'-;V>tatuvs  at\^  at  oiuv  niixvd  in  a  tinely  pulverized  state  with 
X  t-  r..<vs>iiry  uuiv^ui'.:  of  ui:n.'  '.u  riie  agate  mortar:  metallic  com- 
is".-.:;vN  ;iv.\l  :r."..'%s  wiiU'h  ».aiiüoi  be  jvwderevl  should  be  divided  as 
:■■  .  \  ;i<  :vss  ■>'..  '-y  r;nnnionas:  or  tiling.  The  quantity  of  nitre  de- 
■,vrii<  :•.;/••;■.  ■.':•'.•  K^'iinuwr  \'i  'Am  substanot»  tobe  oxidized;  ordinarily 
t  r. .  ■..'  •\-'.\r  ^^''.-nu's  ari'  empi  \v.\:.  unless  :he  substance  has  a  very 
":;;--  -■.vv'.tiv-  ^r:i^-.:y.  Who;;  b:::  or.o  ingrtniient  is  songht  for,  the 
•  .<e-  •.•.•:i\  ';v  :vr\'rnu\l  v::  p':i:;*.;i;ni  wirt,  alter  mixing  the  whole 
i  v  .;  liis:.'  w.:--.  w;i:cr.  A  ivrv.v^n  iji  sine.-inxt  in  the  loop  and  fused 
:  .  ^\  K.  v.v.:'.  v.  ^\a^-,s  to  v,v."..  wiur.  a  fresh  portion  is  smeared 
',;^,^'..  v--r:  •.■.•.:•.■■;  :'-.e  o'.v',-a:-.  ':■  ;:;-.;■;  :be  volzime  of  the  fnsed 
:•.-...>-   <  >■  ^-vi:  :''.i:  i:  «.-..'..;  v.'  '..v.j^vr  sähtre  :o  the  wire.     The 
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wire  shonlil  \}e  kept  in  an  incliued  position,  with  the  loop  turneo 
douhuartl,  as  the  nitre  1ms  a  tendency  to  flow  duwii  the  wire. 

AVhen  it  is  susix^tcd  that  the  ^ii)j»tance  contiiins  an  extrc-niely 
suiall  amount  of  the  body  nought  lor,  or  when  it  is  designed  to  osid- 
ize  ecvcral  ingredient«,  in  order  to  treat  them  further  in  that  state, 
or  if  uu  ulloy  which  ounnot  be  powtlered  is  under  treutnient,  a  Bojue- 
wbat  larger  quantity  niuut  be  uswl,  anil  liie  fusion  i>erfonned  in  the 
plutiuuiu  Bpoou.  The  whole  mixture  should  not  however,  Iw  poured 
inio  tlie  H|)oou  at  once,  but  at  first  only  öumll  i)<irLions,  aiuce  gase« 
and  vaporfl  eneape  during  the  fnt>ton.  and  may  euüily  cause  tlie  nielt- 
in^  mass  to  run  over.  At  tirfit  the  bottom  of  the  epoon  is  healed 
with  the  0.  F^  which  is  tlieii  directed  into  the  sjH><.n.  and  the  wbole 
fused  until  it  Ireeornc!«  quiet  The  remainder  of  the  mixture  is  tlieu 
added  iu  atuiilar  [Kirtions,  and  fused  after  eacli  addition  until  it 
cenÄea  to  frotii  strongly.  The  position  of  tliu  epoon  eliould  mean- 
while I*  altered,  8o  that  every  part  of  tbe  mixture  may  be  reached 
bj  the  flame,  and  the  spuou  always  a])pear  red  hot 

Only  thnsn  alloys  can  be  t'u^'d  with  nilxe  in  the  s]hMU  which 
oxidize  readily,  and  do  not  combine  with  the  platinum  at  tlie  tem- 
perature which  can  \»  pruduced  by  the  blowpipe.  The  fnsinn  of 
gncb  C*'ni|Knnidi<  with  nitre  ia  projH*r!y  liniit*'d  tu  the  delectiuu  of 
Terr  trifling  quantities  of  arsenic  in  metals  from  wliich  it  can  only 

t  tKimnited  with  dißiculty,  and  which  are  very  iafuäible,c.jr.,  nickel 

lid  Cm  bait 

The  fusion  of  substances  with  bisulpbate  of  potaasa  is  always 
effected  in  the  larger  pUtinnm  ?jnn)n.  in  tho  same  way  as  with  nitre, 
and  must  suitably  uver  the  spirit-lamp.  The  substance  must  be  per- 
fectly dried,  previously  itdueed  to  line  powder,  and  elutriated,  if 
dccomiHJW'd  with  ditHuulty.  If  melted  by  tbe  bloMpipe  flame  the 
too  strong  heat  is  very  liable  t^  partially  expel  the  aulphuric  acid 

oni  some  of  the  snlphates  formed  hy  the  fusion ;  hut  if  the  fi]>irit 

imH  i»  employed,  and  the  spouu  at  lirst  only  kept  directly  over  tlie 
tip  of  the  flame,  until  most  of  the  gases  have  escaped,  and  then  lield 
det'iKT  in  it,  the  Iieat  lu-ts  tf|ually  upon  tbe  bottom  of  tlie  gjUMin  all 
Around,  the  I'uiing  maüs  i»  only  brought  to  low  redness,  and  the 
rNuUing  salt«  are  not  destroyed.* 

WhfO  inucli  of  the  bisulphate  must  1h*  used,  the  spoon  fi'i'i|Uenlly 
becomes  tilled  U'fore  all  of  the  mixtnre  has  been  eburgud,  and  then 


■  It  iu  mlvuntii^con!«  in  tfacve  fusion»  lo  »nrround  ihv  Asurnt  with  a  Bticct-iron  c/tindcr, 
rhiitg  ntN>ni  ii>  th<>  to|i  of  the  flKtiitf,  and  whicb  n*st>  cm  th«  gisM  lump,  hnvlo^ 
nl  ofteninf^  «l  iu  iowcr  nxl. 
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the  fluid  mass  must  be  poured  out  upon  the  anvil,  and  the  remainder 
of  tlie  mixture  fused.  It  is,  indeed,  always  advisable  to  pour  out 
tke  mass,  as  it  can  then  be  readily  pulverized  in  the  steel  mortar 
when  cold,  and  Üius  more  quickly  dissolved  in  water.  The  quantity 
of  bisnlphate  of  potiissa  depends  upon  the  various  constituents  of  the 
substance  to  be  fused  ;  thus,  for  protoxide  of  iron  3.Ö  parts  by  weigbt 
of  bisuiphuto  are  required  to  convert  it  into  sulphate;  for  lime, 4.5; 
for  niufi^nesia,  (J;  for  alumina,  7.8.  It  is  always  more  prudent  to 
employ  rather  more  of  tlie  acid  salt  than  is  exactly  required,  since 
alumina  and  the  oxides  of  iron  are  liable  to  lose  a  part  of  their  com- 
bined suli>huric  acid  at  a  long  continued  high  temperature. 

The  tirm  mass  resulting  from  the  fusion  of  a  substance  with  nitre 
or  bisulpliate  of  potassa,  whether  on  platinum  wire  or  in  the  spoon, 
when  not  poured  out  cannot  well  be  pulverized  and  thus  dissolved 
in  water,  because  the  platinum  may  easily  be  injured  in  detaching  it. 
It  is  tlierefore  necessary  to  lay  the  wire  or  spoon  with  the  fused  mass 
in  a  porcelain  dish  of  suitable  capacity,  pour  over  it  the  amount  of 
water  necessary  for  solution,  and  set  the  vessel  upon  the  CTftporating 
ring  over  the  lamp.  As  the  water  becomes  hot  the  mass  generally 
sepanites  from  the  jdatinum  and  can  be  crushed  with  the  jxistle  of 
tlie  agate  mortar.  lu  most  cases  the  water  may  be  heated  to  boiling 
and  the  salt  thus  readily  dissolved ;  but  when  a  substance  containing 
titanic  acid  lias  been  fused  with  hisulj)hate  of  potassa,  in  order  to 
make  the  titanic  acid  soluble,  and  the  fused  mass  has  been  covered 
with  more  water  than  was  exactly  required  for  its  solution,  the  latter 
must  not  be  boiled,  or  else  the  titanic  acid  will  be  imperfectly  dis- 
solved, and  that  which  had  been  dissolved  at  a  lower  temperature 
will  be  thrown  do\^  again. 

These  operation;^  in  the  wet  way  afford  residues  and  precipitates, 
which  after  filtration  are  to  be  further  i-xaminod  and  must  therefore 
gL-urrally  be  dried.  When  tlu-iv  is  enough  of  the  mass  the  filter  is 
.*l»r<  ad  open  upon  a  double  layi-r  of  blotting  paper,  the  mass  scra{>cd 
tttf  \\  ith  a  .spatula,  transferred  to  a  porcelain  dish,  and  dried  over  the 
lamp.  When  tluTe  is  but  little  of  it,  the  folded  filter  is  held  up  to 
the  light,  the  empty  portion  cut  away  with  the  scissors,  and  the 
remainder,  with  the  adhering  mass,  dried  immediately  in  tiie  dish 
over  the  lamp.  The  dry  papiT  is  then  doubled  together,  hung  upon 
a  jilatinum  wire,  ignited  at  one  end.  and  burned  over  a  clean  porce- 
lain di.-?li.  which  reoeivi-s  the  re.sidue.  mingled  with  a  little  ooaL 
These  coaly  partieles  may  be  very  easily  burned  awiiy  in  the  plati- 
num spt>on,  but  this  is  not  necessary  when  the  drv  mass  ia  to  be 
further  treated  with  fluxes,  as  they  are  thereby  consumed. 


GESEBAL  HCLE8  FOB  QUALITATIVE  EXAMINATIONS.  119 

The  chemical  operationa  ordinarily  ijerformed  in  making  examin- 
:)tions  in  the  wet  way,  such  as  precipitating,  decanting,  tiUering, 
washing,  etc,  need  not  be  further  mentioned  here,  since  probably 
every  one  who  engages  in  blowpipe  analysis  will  have  some  knowl- 
edge of  tliem,  or  the  requisite  information  can  be  obtained  from  any 
manual  of  chemical  analysis. 


II,  Qualitative  examination  of  Minerals,  Ores, 
and  Metallurgical  products  before  the  blow- 
pipe for  metallic  dnd  non-itvetallic  elements. 

In  this  division  the  description  of  each  examiniition  is  preceded — 
1.  By  the  enumeration  of  all  the  minerals  and  metallurgical  pro- 
ducts in   which   the  substance  sought  for  constitutes  an  essential 
ingredient. 

'2.  In  case  of  the  silicates,  which  are  less  easily  distinguished  from 
one  another  than  the  other  oxidized  minerals,  their  behavior  alone 
before  the  blowpipe,  with  regard  to  their  relative  fusibility,  is  indi- 
cated immediately  after  the  name  of  the  mineral,  by  means  of  the 
numbers  I,  II,  III,  and  the  letter  A,  because  this  facilitates  the  com- 
parison of  the  mineral  in  question  with  minerals  already  determined. 

I  denotes  that  the  silicate  fuses  readily  to  a  bead; 
I — II  "         "    it  fuses  with  difficulty  to  a  bead; 

II  "         "    it  can  be  easily  fused  on  the  edges ; 
II — III       "         "    it  fuses  with  difficulty  on  the  edges; 

III  «         «    it  is  infusible ; 

A  "       bubbling,  intumescence,   frothing,  and  ramifica- 

tion. 

3.  The  behavior,  so  far  as  known,  of  salts  insoluble  in  water, 
silicates,  alnminates,  and  combinations  of  metallic  oxides,  in  a 
powdered  state,  with  hydrochloric  acid,  is  indicated  by  the  following 
symbols — 

1  denotes  that  the  mineral  is  perft-ctly  dissolved  or  decomposed 

by  hydrochloric  acid ; 
IG        **       that  in  case  of  silicates  the  silica  separates  in  a  gelat- 
inous state ; 
1 — 3       "       that  the  mineral  is  decomposed  or  dissolved  with  dif- 
ficulty ; 

2  "       that  it  is  imperfectly  dissolved  or  decomposed ; 

3  "       that  it  is  insoluble  or  undecomposable  in  the  acid. 
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4.  To  aöbrd  a  better  survey  of  the  composition  of  the  mineralBi 
the  chemical  formula  is  annexed  to  each,  and,  with  few  exception^ 
where  first  mentioned. 

5.  In  the  case  of  minerals  which  are  of  especial  interest  to  the 
miner  and  smelter  on  account  of  the  metal  in  them,  the  percentage 
of  tiie  metallic  ingredients  is  given,  so  that  the  proportion  of  metal 
found  by  the  blowpipe  in  any  minei-al  under  examination  may  be 
readily  compared  with  that  of  some  known  mineral 


A.  Examinations  for  Alkalies  and  Earths. 

1.   POTASSA,    K. 

Its  occurrence  in  the  mineral  kingdom. 

Potassa  is  ncv^  found  free,  but  only  in  combination  with  chlorine 
and  sulphuric  and  nitric  acids  in  certain  salts,  and  with  silicic  acid 
in  several  silicates. 

a.  With  chlorine  in — 
Sylvitc,— KCl ; 

Carnallite  — KCl  +  2  Mg  01  +  12  Ü  ; 
Kremersite,— (K,  NH')  CI  +  Fe'  CI'  +  3  Ö. 

h.  With  sulphtiric  acid  in — 
Aphthitalite  {fflaseri(e), — ß!  H; 

Miseiiite  — li  S' ;  Dana  gives  (^  £  +  J  0)  S,  or  £  B  +  Ö  S  ; 
Alunite  2, — K  S  +  X\  b*  +  2  Ä1  Ü',  usually  mixed  with  some  Si, 

?sa  S",  Oa  S',  and  iin  S  ; 
Löwigite,— £  S  +  3  AI  S  +  9  Ü ; 
Kalinito  {potai<h  alum).—K  S  +  äl  B'  +  24  fl  ; 
Picromerite, — K  JS  +  5'lg  S  +  G  Ü  ;  kainife  from  Stassfurth  is  shown 

by   KeicharJt  to   be  only  picromeritc,  containing  chloride   of 

magnesium,  and  sometimes  also  of  sodium,  as  an  impurity. — 

r)au:i. 
Cyanochroite,— :£  S  +  Cu  S  +  6  Ö; 
Polyliulite  — [(K  S  +  Sig  •^)  +  ft]  +  (3  Ca  B  +  ft),  excL  a  little  Na 

Cland£'e; 
Gelbi-iaenerz,  hiUhnltitjes  '  Jarosife),  1,-4  l^^e  ^  +  £  H  +  9  ft,  excL  e 

little  Oa  Sand  Nil*  0»;  contains  40.7  K?; 
Jarosite  (containing  a  little  less  alkali), — £  iS  +  5  |i!e  S  4  10  fl.; 
Voltaite,— 'S,  'ÄI,  ge,  ^e.  It,  ft. 


POTASSA, 


12] 


c  With  »Uric  acid  hi — 

Nitre,— ^  JT,  almuat  always  mingled  with  other  salts,  e.  jr.,  Ca  S 
KCl; 
d.  With  m'lfcic  acid  in  various  silicates. 
a.  Id  (mhydrous  silicütts,  or  such  aa  yield  but  little  water  in 
the  matrass — 

I^ucite  III,  1,— &  Si  +  IXl  Si\  incl.  mope  or  less  ^tt  ; 

Hyalopliane  3,— ft  Si  +  Ai  Si»;  ft  =  ft,  bo,  (Tj^o,  C«,  Xlg); 

Orthocliise  11,  3,  (incl.  ordiniiry /Jw/flii/i  ftfUlspar^  adularia,  vakncian- 
iU,  ftrent urine  fehispnr  in  part,  atnazonntonej  vu'rrocliu.  loi-ßchise, 
cheHlnliUy  perthite^  etc),  a«  wt-U  a«!  the  ghwüy  tVldsi>iir  from  vari- 
ous localities, — S  Si'  +  X\  Si',  frequently  containing  a  Utile 
?fa,^a,%Ecs 

Micu  (po(n»ft  mim,  muscoviie)^  free  from  lithia  ;  generally  white, 
but  also  brown,  grL'cn,  and  other  oolors;  I  or  II  (acconling  to 
the  amount  of  Ä1),  3,-3  Al  !?i  +  li  Si',  aUo  %  Si'  +  ll  ^i.  It 
usmiliy  contains  also  a  little  Ra,  Oa,  Slg,  Sin,  ]£lV,  F,  and  H. 
The  P  never  exceeds  1  per  cent. ;  the  water  varirjj  from  1  to  6  per 
cent.,  generally  between  2  and  4  per  oeuU  PttchaiU  vontaina 
4  per  cent  0r ; 

Lepidolitti  {lithia  mica)  I  A,  Ä;  nearly  3  ÄlSi'  +  2  LiSi  +  (K  F, 
Si  F*).  In  general  rhsembles  the  preceding,  but  Li,  An,  and 
13n  are  more  prominent.  There  if  less  Ü  and  efsoutiaUy  morb 
F.  from  1.4  to  \i)ri  per  cent  In  lepidolite  fn>m  liozona  iu 
Moravia,  Hebron,  Me^  and  Zinnwiild,  Bohemia,  rubidium  mid 
cspsinm  iiave  been  found  ;  iu  the  latter  also  thallium. 
Mafftusia  mieax  ;  generally  darker  in  color,  green,  brown,  or  bbick, 
but  also  of  lighter  color.  II  and  II-III.  3  (I  iu  sulphuric  acid, 
Dana).  Here  are  included:  Plihgopitfy — nearly  0  Ä'  $i  +  Ä1' 
Si',  ft  =  Mg,  K,  (Ka,  Fc);  and  ÄiVv/iVe,— generally  3  \V  5i 
+  3Ü'  Si',  ft  =  )Jg,  It,  Fe.  The  magnesia  is  essential  and 
rises  as  high  us  3U  per  ceut.  Alumina  is  less  abniidtint  than  iu 
mwicoriie.  Fluorine  is  nearly  a]wi»ya  present,  and  wutcr  gen- 
erally. The  potassa  varies  from  4  to  13  |>er  cent  Cftromgltvi- 
wer.  a  nnigiiesia  mica  containing  nearly  G  per  cent.  Cr.  Certain 
micas  containing  magnesia  and  potAssa  have  from  1  tn  3.3  per 
cent  titanic  acid. 
,  Astrophyllite  I  A,  I  (Dana),— perhaps  3  ft'  Si  4-  ft'  Si',  ft  =  K,  SCa, 

i'f  n,  Fe ;   ft  =  ÄI.  tV ;  also  fi  and  Zr. 
I  Lepidomehinc  I-U,  1, — mostly  ft  Si  +  ft  Si    ft  =  K,  Ka,  Sfg,  Ca, 
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tV,  and  Mn.     Anuite,  from  Caiw  Ann,  is  like  lepidomelane  in 

its  iihysical  chaiiictcristics ;  lithia  huä  been  found  in  it,  but  is 

porhap!)  duo  to  associated  cryophyllite.    Dana. 
Cryopliyllite  I  A,  1,-9  ß  Si  +  4  Ü  Si',  ß  =  I'e,  %  Li  (and  a  trace 

of  "^A,  Tib,  C's).     Dana. 
Buulitu  {kniblik)  II,  3,— (5.'a,  £,  ta)  Si"  +  Al  Si"  ; 
Diploito  (htfrooUe)  II  A,  3, — classed  with  aüorthite  by  Dana;  vide 

lime. 
Neplu'lito  II,  IG,   )  —i^a,  Ky    Si'  +  2  Xl'  Si',  excL  Öa,  Mg,  Fe, 
EUeolite  I  A,  IG,  J  ü; 

Cousoraniti'  l-II,  3,-3  Ä\  5i'  +  3  (ß,  STu,  Ca,  Jig)  Si,  and  some  I'e; 
Weissite  II,— 3  (Slg,  J'e,  Sin,  K,  Isa)  Si  +  2  Ä1  Si',  perhaps  fafUw 

hiie. 
Pearlstono  {spheruUfe)  II  A,— Si,  Ä1,  I^,  ^a,  Ca,  Sig,  £e.  Sin,  Ä ; 
TucliylyTe  I,  1, — Si,  X\,  i'e,  Sig,  Ca,  'iün,  It,  (Mn);  hyahmelan  is  a 

similar  mineral  coiitainnig  Ti,  I'l,  and  NH' ;  Dana. 
Sideronu'latu', — Si,  Al,  Fi',  Cu,  Sig.  ^'a,  Ä. 

Melilito  I.  l(i,  )  —3  IV  Si'  +  U'  Si',  Ä  =  Ca,  Sig,  Na,  ^; 

Uunibnldtilite  I-II,  IG,  \  ß  -  Ä1,  l^y. 

/3.  Ifi/druux  silicateif : 
Algente  II-III  A,— 1^  Si'  +  2  Ä1  Si'  +  3  ft,  probably  altered  «ayjo- 

?/7(!;  Daiui. 
Damuurite  II  A,  1  (in  TlS),— £  Si'  +  3  3tl  Si  +  2  Ö ; 
Agalniatulite  II-III,  3,— nearly  3  Al  Si'  +  S!  Si'  +  3  Ü  ;  pinite  in 

j)art. 
Rosito  11,— 1{  Si  +  A!'  Si'  +  2  ll ;  ll  =  !&,  Ca,  ilg;  wilsonite  and 

poli/diyife  are  similar  to  rosite. 
Oncosin  1-TI  A,  3,— nearly  (K  itg)'  Si*  +  3  al  Si'  +  3  S;   related 

to  aiinhitnfolite. 
Gismuiidito  (zait/ouite)  I-II  A,  IG,— (Ca,  K)   Si  4-  al  Si  +  4  fi, 

nearly ; 
Apopiiyllitu  I  A,  1,-4  Cu'  Si'  +  K  Si'  +  IG  Ö  ;  always  coutaius  F 

(0.4Ü  —  1.71  per  ct-nt.).     Xyloclihre  is  very  similar. 
a:!lachi-riU'.— Si,  ÄI,  ^Ig,  lia,  R,  Jfa,  Ca,  Ü;  Dana. 
Goiigylito  11-111,— Si,  al,  t'e,  Sig,  K,  (&'a,  Ca,  Mn),  fi;  related  to 

pinite. 
MargarodiU',  very  analogous  to  damourite  in  composition. 
Gn.ppiti;  11,-2  (Sig.  Ca,  :£,  ^Ta)  Si  +  (X\,  IPe)  Si  +3  S; 
[It-rseliclite  I,  1, — (^'a,  K)  Si  +  al  Si'  +  5  Ü,  incl.  some  Ca; 
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Finite  II,  2  j  the  result  of  alteration,  and  therefore  varying  m^ich  in 
composition,  contains  generally  Si,  Ä1,  Sig,  K,  and  Ü,  with  £!e, 
Pe,  Öa,  Ka.    It  is  an  aikali-alumiua  serpentine.     Dana. 

Pihlite  II-III,  3,— Si,  Ai,  (^),  K,  (Sig,  U  Ca,  Üg),  fi  ;  Dana. 

Gigantolite  I-II  A,— (ilg,  Äln,  K,  I^a)  Si  +  £l  Si' +  ll,  impure 
pinite  ? 

Gieseckite,  tbenie,  killinitej  liebenerite  are  similar. 

Chabazite  {acadialite,  phacolite,  haydenite)  I  A,  1, — (Ca,  £,  ^Sfa)  Si 
+  ÄI  Si'  +  6  a ; 

Levynitc  {mesolin)  I  A,  IG  (Dana),— (Oa,  S^a,  ]£)  Si  +  Ä1  Si"  +  4  Ü ; 

Gmelinite  {hydrolite)  I  A,  IG  — (J«a,  Ca,  S!)  Si  +  Al  Si'  +  G  Ü ; 

Pyrargiliite  III,  1,— (Mg,  fe,  JC)  Si  +  2  Al  Si*  +  6  1*1 ;  related  to 
fokhinite, 

Philiipsite  I  A,  IG,— (Ca,  ^,  iffa)  Si  +  X\  Si'  +  5  0, 

In  addition  to  the  silicates  just  enumerated  there  are  several  other 

minerals  which  contain  potassa,  in  greater  or  less  quantities,  but  for 

the  most  part  only  as  a  subordinate  component ;  they  are : 

Labradorite, 

Albite, 

Pec  toll  te, 

Eudialyte, 

Andes  ite, 

Oligoclase, 

Stilbite,  ) 

Palagonite,     >   vide  lime; 

Anorthite,       J 

Villarsite,  vide  magnesia ; 

Polymignite,  vide  yttria ; 

Parisite,  vide  cerium ; 

Psilomelane,  vide  manganese ; 

Obsidian  II  A,  3, — Si,  £l,  1^,  Hn,  !&,  ]^a,  Oa,  idg ;  various  in  tlic 

proportious  of  its  constituents ; 
Pumice  II  A,  3, — similar  in  composition   to   obsidian ;   sometimes 

contains  CI,  Ti,  and  3  ; 
Ijava,  vide  soda ; 

Trachyte,  consisting  mainly  of  feldspar ; 
Phonolite  {clinkstone)  III,  consisting  of  potash  and  soda  feUlspara 

with  other  silic-ates ; 
Porphyry,  a  mixture  of  potash  and  soda  feldspars  aud  quartz,  occa- 

sioually  with  some  other  silicates  also ; 


vide  soda ; 
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SyiMiitc,  cliii'fly  containing,  in  addition   to  hornblende,  orthoclaBe, 

und  lUuU'cfite ; 
MtMivrites,  consisting  of  silicates  (augitc,  hornblenüe,  albite,  labrar 

di>i'itt',  unorthito),  chroniiti',  magnetite,  oxides  of  tin,  nickel,  and 

I'oiUHT.    togL'ilier   with   arsenic,  phoephoric  and  titanic  acids, 

sutplude  of  iron,  and  native  iron  ; 
Slate,    tlj,  Ä1,  K:,  Si' a,  Mg.  JV,  C,  fi. 

ExaminatioD  for  Potaua. 

In  itu'  easily  fusible  iK>tas8a  «»Irs.  excejrting  phosphate  ana  borate, 
and  in  the  ooniinnuuls  of  jHitassium  with  chlorine,  bromine,  etc., 
tins  alkali  is  ai  omv  recognized  by  fusing  a  small  portion  on  a  loop 
of  platiuiuu  wire  with  the  tip  of  the  blue  fiame.  In  the  complete 
abst'Uiv  of  SiHh»,  and  with  a  clean  wire,  the  outer  flume  is  colored 
moiY  or  less  stl^Mlgly  violet,  \\  73. 

ShIu  n-iulers  ilie  tlame  more  or  less  yellow,  and  lithia  red,  so  that 
in  their  pt\'seniv  this  simple  test  will  not  show  the  presence  of 
)y^tass.-i  at  all.  or  not  with  ivrfect  OiTtainty.  Sometimes  Then  the 
amount  of  s^nia  or  lithia  is  very  tritliug,  the  outer  flame  has  so  dis- 
tuu't  a  \iolet  ivlor  near  the  assay,  that  the  reaction  may  be  sutisfac- 
lv>rY  ;  l>ui  if  the  s^nla  amounts  lo  a  few  pur  ct-nt.  even,  this  colora- 
ti,'v.  iHwnus  -.unvavpiiMe.  Iti  this  «."ase  the  method  proposed  by 
Uarkov:  iu;i\  Iv  aviop^xL  S^^me  Ivrax.  to  which  a  little  boracic  acid 
;;.-**  is\  V,  a«.Ui*\i.  is  tV.s-.\;  :o  a  Sad  on  r!a:iüum  wirv,  and  in  this 
v'.'v'v.s;''.  ('v.rv  I'iV.i-'v-.de  o:'  i-.u-k«.'.  frtx-  t'rvm  eol^alt,  is  disst.dvi'd  to 
:\:.v\.r  :".u  i'ass  br'o»".>h  w'-.t:;  ev"..l.  No;  too  I:::le  of  the  sale  to 
',v  .\;-v.  •-..v'.  :Vr  iv'.aÄki  :s  t".;:-.  a.UU^l  to  this  ^lass  and  fusetl  with 

•-  .  ^^   V.,;i^^.r  »h-.h  :ht  .v\i  j:"..iss  :<  •:x:*ni:::rd.    If  it  has  assumed 

.■*  ".    .  >     .v'.r.  :v:.iSÄÄ  ",#  a::  -,s=kv.:„i".  avstit^ir:::  of  the  s&lc>    This 

.,-  ,  -••  ■■  ..sV".   ,-•■}  ^»  ■;:.  ::•..  js't  cor.ti— s  a  v^^rr  large  amount  of 

A  ,v->.-.,  .. -x-.'^  -iivv.  :"■.   rVt  V- i"<>«,  rii  ;^  ry  Lacij-adias.  that  pro* 

■\    .  ■        -v"  .V    rs  :   .  :v:.u<Äi  ^'aäs  V.v.t.  i:;d  :iie  soda,  on  the 

■     ■-,■•»•  *  ♦ 

.       >  ■    's    '",  j.v.>  .■:'  vl.:-v:  v;  vv-tAÄS»  ■*.:!  otrtaäasy  in  sailr.  in 

■'     -         ■     ^    -'  A  j;\;4\r  .7  *.?*  i-"    ■,■■:  ,:  <».ca.  'iw  violec  cv^lon- 

■^  "■  -».   -*.■.•  ^-    ;  ..;.  :•. :  iii-ts..  jfc."TXvrdiny  lo  Cart- 

^  -  ■     *  ■    -   ^  ^"  -:  -~T.-~'z  £f^  Urn*  cobalt 


>-.  i-v'l    :i   ->  ma.  «r  O 
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,  atrtttiiia  uf  iüJigo  aulutioii.*    The  presence  of  potasan  U 

1,  ac<x»rding  U>  the  tliickiu-ea  of  the  inttTvetiing  me^lium, 

by  the  violet  or  poppy-red  {pancfau-rothe)  color,  while  a  very  lai^e 

amonnT  of  soda  produces  a  blue  color,  aud  a  smaller  quantity  is  not 

perceptibia 

The  llame  of  a  Biinsea  barner,  p.  'A,  Fig.  8,  or  the  lilne  blow- 
pijK  flame  may  be  employed.  lu  the  Uklter  case  a  aiualt  stand.  Fig. 
73.  renders  the  obwrTatioii  more  convenient. 
In  l)ie  timull  tube,  /i,  fastened  in  an  iron  or 
lead  foot,  the  wire,  #,  is  made  to  Hlidu  at  pleaH- 
nre.  and  it  support«  in  a  clurap  the  cobalt 
glaa«i,  g.  A  fi'W  experiments  will  determine 
the  jiroper  situutiun  fur  the  glasä  between  the 
;  eye  und  the  flamCf  and  give  practice  in  holding 
the  plutiuum  wire  with  the  aswiy  in  the  tip  of 
the  blue  Üame,  which  is  not  visible  through 
the  glass.  For  the  indigo  solution  a  small 
'  open  vessel  may  he  formed  by  niettni«  of  glasa 
strips  »nd  a  suitable  cmient,  and  then  also  set 
it{M)ii  a  stand. 

If  the  msxyf  contains  snbstances  which  pro- 
duce a  luminous  flame,  as  in  the  separation  of 
carbon  from  burning  organic  matter,  thi^e  must  first  be  removed  by 
Igniting  the  assity*  since  otherwise  the  same  violet  color  will  he  per- 
I  ceive»!  throngh  the  glass  as  that  tensed  by  potassa.     The  violet  and 
re«d  rays  procwding  fntm  the  glowing  wire  must  likewise  not  becon- 
foundetl  with  the  proper  potassa  coloration»  which  rather  extends  out 
from  the  assay  towuni  the  tip  of  the  flame.    (See  Sec.  III.  a,  of  App.) 
Viewed  through  moderately  thick  cobalt  glass,  or  a  thin  stratum 
of  indigo  solution,  the  lithia  flame  is  carmine-red,  but  throngh  very 
dark  or  thick  glaes,  or  a  thicker  stratum  of  solution,  it  ceases  to  be 
^B  viaible.  while  the  red  potassa  flame  is  still  distinctly  seen,  and,  there- 
tofore, when  potassa  is  to  be  detected  in  presence  of  lithia,  a  ihicker  or 
^Bfarfcer  glass  must  be  used,  the  eficct  of  which  has  been  previously 
^Pmted  with  pure  salts. 
B     According  to  observations  by  Merz  {Journal  f.pral't.  €7*.  vol.  80, 

B-  F.,  tlm*  fermin;  eolphdle  of  poutsfinm,  trhiL-))  \i  ntiAWy  dccompoM^  \ty  the  honäii 
ftcicL  Xnlurally,  the  oxiUe  of  nicVel  roa»t  nat  be  add«]  until  ahcr  the  Kulphnie  of 
poutM  aud  iho  borax  Imvc  been  ireatcO  in  the  B.  F.,  but  th«  oxide  should  )h'  Kpecialljr 
Rcftud  wiih  onotiMT  borax  bead  to  insure  its  freedom  from  cobnit. — [Tranbl.1 

'  The  »oliirion,  which  mii«  be  filtered.  oontAins  in  1500  in  WWO  pint»  wal»*r,  I  pan 
I  tii<ll|co,  prtWunsly  dimolvvd  in  S  pnrt«  fuming  (•alphiirir  ncid. 
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|i.  491),  Ü1P  Hthia  flame  is  inviüible  tlirongh  green  glasa,  vhile  the 
[»ütufisa  tmJ  bftryta  ilamts  appear  liLuiah-greeu,  \\ud  thai  uf  aoda 
oriingt'-yellow.  In  the  case  jnst  meiiiioncd,  the  tbicker  col>aU  glass 
or  indigo  solution  ma>'  thoreforc  be  rcpluccU  by  gi'ecn  gloss. 

1'he  potossa  in  silicates  cannot  alvays  be  detected  with  certainty 
by  tbi:  0(  lit  mil  ion  of  tbc  fljimc,  bc^'unfi«  thfse  conipouud«  nearly 
uhvuyi  curitiiin  more  or  less  sodu,  which  prevents  the  reaction;  but 
even  iu  silicates  containing  little  soda,  the  alteration  of  the  ooter 
flame  is  gencmlly  «o  slight  that  it  connot  be  perceived  at  all,  or  only 
iiitlistinctly.  Uarkort's  test  also  can  not  be  employed,  because  the 
amount  of  pota&sa  is  always  comparatively  small  and  docs  not  in  the 
least  alter  tho  Imrux-ghuüs,  tx)lore<l  brown  by  tlie  oxide  of  niekcl. 

On  the  other  huud.  according  to  Bunsen,  I.  c^  \\  268,  the  cobalt 
ginjss  and  indigo  solution  may  be  advantageously  used  to  detect 
jM^tassa  in  ailicaks  also,  by  heating  such  compounds  with  grp^nm, 
free  fn^m  potiissa  and  soda,  in  tlie  HamCf  thus  furuiiug  gilicatefi  of 
lime  and  sulphate  of  the  alkali,  which  is  volatile  and  «dors  the 
fiame.  Here,  too,  regard  must  bo  had  to  the  renuirkä  before  madtv 
if  lithia  is  present  (vide  aleo  remarks  nnder  lithia). 

When  not  too  irifling  in  its  amount,  potassii  may  also  be  with 
certainty  delected  in  silicates  by  the  wft  way.    About  one  bundrrd 
milligr.  of  the  very  fine  powder  are  fused,  p.  113,  with  one  hundred 
milligr.  each  of  borax  and  soda  {previously  uscertjiined  to  be 
perfectly  free  from  potassa)  to  a  transparent  globule,  free  from 
bubbles.    Should  the  assay  contain  congiderable  limc^r  mag- 
nesia  and  appear  very  infusible,  somewhat  more  liorax  ts  added.* 
The  fused  globnio  is  dissolved  with  dilute  hydrochloric  acid  in 
a  porcelain  diali,  evaporated  to  dryness,  dissolved  in  a  very  little 
water,  diluted  with  alcohol  (not  enough,  however,  to  precipitate 
any  salts),  and  filtered,  or  when  clear,  decanted  from  the  resi- 
due uf  Eiiliea  into  a  small  test  tube,  and  thf  residue  then  washed 
wilh  alcohol  of  80°.     If  to  the  clear  solution  a  few  drops  of  a 
rather  concentrated  solution  of  bichloride  of  platinum    are 
y     added,  it  will  be  at  once  seen  whether  jiutassa  was  prt-aeut  in 
I     the  substance,  and  if  so,  whether  in  triHing  or  conäiderabl« 
I      quantity.    When,  for  example,  the  volume  of  tJie  double  ehlo- 
rtf.Ti.  j.j^|y  jg  known,  which  separates  when  one  hundred  milligr.  of  a 
feldspar,  yielding  by  ebt-mical   analysis,  say  fourteen  j>er  cent    of 


•  The  ninotint  of  pDtiu>sa  dcriTed  from  the  bumi  portlun  or  an  -orJinnry  \ntx^  of 
cbiircon]  ii  »o  cxiicodtngtjr  iritling  that  It  could  not  he  itvtccicil  if  thu  enljeiAnce  «ai 
Gtm  (tarn  potusa,  nad  tbcrcfore  exerts  co  iiuiuious  ioflucnce  upna  tlie  nsaty. 
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jiotassa,  are  decomposed  as  above  with  soda  and  borax,  an  approxl- 
mute  estimate  may  be  made  of  tl.e  amount  of  potassa  in  other  sili- 
cates, from  the  quantity  of  the  double  chloride  formed.  This  may 
be  done  with  most  certainty  by  employing  a  test  tuhe  about  ten 
millim.  in  diameter,  drawn  out  below  to  a  short  tube  two  millim.  in 
diameter,  in  which  the  crystalline  chloride  of  potassium  and  plati* 
num  can  settle,  Fig.  73. 

2.  Soda,  S^a. 

Its  occurrence  in  the  mineral  kingdom. 

Soda  occurs  quite  frequently,  but  always  in   combination   with 
other  elements,  being  never  found  free. 

a.  It  occurs  as  cMoride  in 
Halite  (common  salt)— Na  CI,  sometimes  containing  traces  of  sal 
ammoniac. 

h.  A^  fluoride  in 
Cryolite' 1,-3  Na  F  +  Al'  F" ; 
Chiolite  l,—^  Na  F  +  2  Al*  F' ; 
Chodneffite,— 2  Na  F  +  Al*  F' ; 
Arksutite,-(Ca,  Na)'  F  +  Al'  F'; 
Pachnolite,— 3  (Ca,Na)  F  +AI'  F"  +  2  fi : 
Thomsenolite  1,-2  (Ca,  Na)  F  +  Al'  F'  +  2  fi. 

c.  Wj^i  sulphuric  acid  in 

Thenai-dite  (anhydrous  sulphate  of  soda),— jTa  *S,  mixed  with  a  little 

i^aC; 
Lecoutite,— (fJa,  %  NH*0)  S  +  2  Ö ; 

Mirabilite  (Glauber  salt), — Na  S  +  10  fl,  but  frequently  impure; 
Glauberite,— Jf  a  S  +  Ca  t» ; 

Loweite,— 2  (S'a  S  +  Äg  S)  +  5  Ä,  with  traces  of  Ä1  and  £^e ; 
Bloedite,— (Sfa  S  +  Sig  "S)  +  4  fi ; 
Menddzite  (soda  alum),— iffa  Ö  +  Ä1  y*  +  24  ft  ; 
OelöeisenerZf  natronkalttffes  (jarosite),  1, — 4  ^  ä  +  ]?J^a  S  +  9  ft ; 

Sranbergite  II-III,  2, — !5fa,  Ca,  Xl,  y,  P,  ft ;  but  Dana  gives  an 
analysis  by  Blomstrand,  showing  uo  soda. 

d.  With  nitric  acid  in 

Soda  nitre, — iSTa  N,  exclus.  a  little  Na  CI  and  (£,  Oa)  ?j. 

e.  With  carbonic  acid  and  water  in  the  following  suits  : 

Ifatron  (carbonate  of  soda), — :5fa  C  +  10  ft,  occurring  in  nature 
only  in  solution,  or  mixed  with  other  carbonates  of  soda.    Dana 
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Thermonatrite, — '&&  0  +  Xl,  containing  also  Sla  S  and  Na  CI,  in  par- 

ticuliir; 
Trona  (urao), — I^a'  C"  +  4  Ü  ;  sometimes  contains  SfaS; 
Gay-Lnssite,  1,— l^a  0  +  Oa  C  +  5  Ö. 

/.  "With  horacic  acid  in 
Borax  (tinkal),— ]^a  li'  +  10  3  ; 

Ulexite— Is'ii  B*  +  2  Ca  B'  +  18  Ö,  excl.  a  little  £,  H,  and  CI ; 
Hydroborocalcite,  vide  lime. 
(?.  With  silicic  acid  in  various  silicates: 

a.  Anhydrous  silicates,  which  yield  no  water  in  the  matrass,  or 
only  traces. 
Nephclite  (ela?olite),  vide  potassa  ; 

Oligoclase  I,  2,-2  Ä1  Si'  +  :5fa'  5i',  incl.  some  Ca,  ilg,  and  Ee; 
Albite  (pericline)  I-II,  3.— Ä1  Si'  +  :5fa  Si',  including  Ca,  Sfg,  Ec; 
Acmite  I,  2,— (^m  t'e)'  Si'  +  3  Fe  Si',  excl.  Ca,  JfTn,  fi,  fi  ; 
Glancophttiie  I,  2,-2  Ä1  Si'  +  9  ll  Si ;  ß  =  Ka,  Ca,  Jig,  iV  ; 
Arfvedsonite  I  A,  2,-2  (t'e,  :^a)'  Si'  +  3  |5e  Si',  excl.  Ca,  Ä1,  iSin,  % 

CI,  F,  ft ; 
Bytownite  III, — Referred  to  anorthite ;  IsTa  =  2.8  to  7.6  per  cent. 
Andesite  I-II,— ÄI  Si'  +  It  Si ;  H  =  :5fa,  £,  Ca,  Äg ; 
Passiuiitc    {rorcellnnspath)   I  A,  1,-3  Ä1  Si'  +  3  Ca  Si  +  Sa  Si'. 

Contains,  according  to  Fuchs  and  SchafhäutI,  Na  CI.     Probably 

altered  ekebergite ;  Dana. 
Sanssurite  (lime-soda  zoisite)  II,  3,-2  3fcl  Si  +  3  (Ca,  Sig,  "Pe,  ifa) 

'Si; 
Dipyre  I  A,  2,-3  Ä1  Si  +  4  (Ca,  I^a)  Si';  prehnitoidisof  quite  simi- 
lar coiiipiftitioii,  with  a  very  little  J'e,  ]Sln,  and  ilg; 
Ilypo-sclerite  II-III  (albite,  probably  altered  ;  Dana). 
Labnuloritc  I-II,  2,— (Ca,  ^^a)  Si  +  Ä1  Si',  incl.  a  little  K^  Äg,  and 

Fe; 
Jadeite  I,  3, — Si  'X\,  ^a,  Ca,  lilg,  f'e ; 
Mavi;ilitc  I  A,  3,— Si  X\,  Ca.  iia  (12.2  per  cent) ; 
Mizzonite  I  A,  3, — Si,  Ä1,  Ca,  Na  (10.9  per  cent.) ; 
1'achylyte,  vide  potiissa ; 
Huniboldtilite  (melilitx?),  vide  potassa; 

Indiiiuite  (anorthite)  I-II,  3,-^1  Si  +  (Ca,  l^a)  Si ;  lÜTa  =  3.6  to  S^ 

per  cunt. 
AVichtisitu  I-II,  3,-3  (f^e,  Ca,  Sig,  Isa)  Si  +  (Ä1  Fe)  Si"; 
'Jourmaline,  vide  magnesia ; 
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londvikite  (pmbuhly  altered  anorthite;  Dana), — Si,  ISLl,  on,  I'e,  0», 

Sig.  I^u,  Ü; 
Turalugito  (probably  altered  okebergite;  Dana), — Si,  Xl,  Ca,  l^a  (103 

per  cen  t.},  K  ; 
!£rlanite  I,  2, — Si,  Al,  Ke,  £1d.  Oa,  äg,  5fa;  snpposed  to  be  a  rock; 

Duma. 
ß.  Uydrova  siUenie». 
Setioalite  111,— ilg'  Si'  +  2  ]^a  Si  +  7  Ü  nearly ;  this  is  Thomson's 

reUnalUe  ajid  a  dowbifiil    mineral;    rethmlite   from    QreiiTille, 

auulyzod  by  Hunt,  is.  lu^curdiug  to  Dona,  probably  a  mixtiiro 

of  eerpentiiie  and  deweylite ; 
Jfrttrolite  I.  10,— Al  Si'  +  Jfa  Si  +  2  tl ;  galaclite  is  a  variety  of 

natrulitc;  likewise-  lebiintite  aiid  ba'victte; 
Aiialcit«  r.  1.— Ä1  Si*  +  ^^l  fii  +  2  fl ; 

Pollncite,  (ft'  Xl)  Si'  +  ^  tl,  R  =  Caesinm  mainly,  =  34.07  p*r  oeut. 
iPectolite  1, 1,-4  Ca  3i  +  Ka  Si»  >  Ö  ;  cxcl.  a  little  Xl  and  1^. 

iacchnrite  11,  2. — Massive  andegit**,  but  containing  2.*^  per  cent,  II; 
^Jlfsolitc  I  A,  IG,— 3  Xl  Si'  +  3  Ca  Si  +  5*'a  Si  -»-  8  Ü  (general  form- 

ola,  Naumanu) ; 
HfTeolieiiti",    \ 
(Jhabiuite,      v  m'tf^  potossa; 
Gnietinite,       ) 

Harringtonit*^  and  antrlmolite, — referred  to  mesolite. 
Crocidnlite  i-II,  2,-3  t'e  Si  -t-  (.S'a,  itig)  Si'  ■»-  2  Ü ;  {"c  =  3-t  per 

oeuL; 
Thoinwnite  (comptonite)  I  A,  lO,— 3  Xl  Si  +  3  (Ca,  ita)  Si  +  7  Ö; 

!^a  =  3.7  to  8  i>c'r  cent    Faröclite  and  mesolitti  from  Uauenstein 

belaug  here. 
Fsnjasite  I  A,  1,-2  Xl  .?i'  +  (Cm  'fiwY  Si'  +  18  ft ; 
Eodiiüphite  I,  lO, — Si,  Xl,  Iv'a  (14  per  cent),  it ;  Dana ; 
Uderi'rite  I  A,  IG  (impure  gmelinite,  with  some   free  silica  and 

ahont  3  per  cent  Ä^a;  Dann).    Contains  "P. 
Fahltmite  11,3, — This  «jiecies  is  a  result  of  alteration,  being  psea- 
ilomorphous  aft.».'r  iolite.  and  the  composition  varice  considorably. 
Analyses  given  by  Dana  Bhon'  from  0  to  1.8  per  cent  ^a. 
t'.i^M'i''te  -.  1— Si,  Xl  (tV).  Sig,   Ca,  Sa  (5.2ö  per  cent),  k; 

1  ';i[ia ; 
'/fcrli^Qi^e  II,  3, — sometimes  contains  albite  or  oligoclusc  racks, 
>^tlier  than  orthoclaee ;  Dana ; 
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EpistilMto  I  A,  1,-Xl  5i'  +  (Ca,  Sfa)  Si'  +  5  fij  Parastilbit©  is 

similar,  but  has  only  3  Ü. 
PyrargiUite,    1      ., 
Phacniite,       }  videpoUss^; 

üri>üat ilbite  II  A,  1.— 2  Xl  Si'  +  (Öa,  fla)'  Si"  +  13  Ä ; 
Murdeuite  2,— Si,  Xl,  Co,  ^'a  (3.5  per  cent.),  £t ; 


Paiiigouiu.'  Ill, — 3  Al  Wi  +  \a  Si'  -f-  2  II ;  pregrattlte  is  very  simi- 
liir,  contains  1.7  per  ceuL  K.     (Ft  exfoliates  somewhat  B.  B.; 
Daua). 
7.  Stlicafeti  vnth  sulphafes. 
Nosite  I,  IG  — (Jftt')"  Si'  +  3  Ä1'  Si'  +  a  U&  3,  excl.  CI  and  fl; 
Ijapis  Luziiii  I  A.  IG, — like  nosite,  but  cüotains  a  little  sulphide  of 
iron  (und  i^oditim)  und  theretore  evolves  sulphuretted  hydrogen 
wheti  treated  with  hydrochloric  acid ; 
Uan>niileII,  IG,— (5la')' Si'  +  3  'AI' Si"  +  4  Ca^; 
Utnerite   and   scolopsit«  I  A,  IG,— shown    by  Rjimmelsberg  to  be 
prolMibly  altered  haflyuite  or  nosite.      Ittnerite  contains  10  to 
la  per  cent.  II ;  uosite  0  to  10  per  cent.  Il ;  Dana, 
d.  Silicates  with  carbonates, 
Cancrinite  I  A,  lO  (with  effervescence),— (Ä  Xl'  Si'  +  ifa'  Si')  +  2 

ä  C  ;  generally  with  3  to  4  per  cent  ä. 
Strogauovit«  I  A,  1  (with  effervescence), — more  or  leea  alten^  scapo- 

lite  (wemeritr),  containing  C  ; 
Davyne  1  A,  1  (with  efTervescenu;), — altered  nepbelite,ooQtaiuingO 

t.  Silicate  with  niobates, 
TVöhlerite,  vide  zirconia. 

X,.  Silicates  with  chlorides. 
Sodalite  from  Vtduvius,  II,  IG,       1  ,,^  ,..«..      „ -i-.,  1.,         „    ™ 
«         "     Grönland,  I  A,  IG,  \  (^^»T  S''  +  3  Xl'  St'  +  Ä  Na  01; 

Eudialyte  I,  10,— Ä  (^a,  Ca,  f'e,  On)'  Si'  +  Xr  Si',  with  about  1  per 
cent.  CI ; 

Encolite,  of  similar  composition  with  endialytc,  contains  also  Ta, 
and  La. 
»J.  Silicfif«  vtith  ßuoride. 
Lencophanite  I  A,— Si,  6c,  (An),  Oa,  Na  F ; 
Mcliphanite  1  A, — compoäitiau  similar  to  that  of  leuoophanit«. 

In   udditioD  to  the  preceding  minerals  there  are  several  othe 
which  contain  more  or  less  sodaj  the  chief  of  these  are: 
Loucite, 
Orthoclase, 


I  triV^potaasa; 

0»    1 
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Spodamene, )     .,  ...,  . 
Petalite,        f  «Alithia; 

VesaTJauite,         ) 

XanthophylUte,    f  "'^^'"^^y 

Scapolite,  certain  varieties,  vide  lime ; 

Basalt^  composed  of  several  silicates  {zeolites,  olivine,  labradorit«, 

augite),  and  magnetite ; 
Uva,  probably  a  mixture  of  leucite  containing  much  soda,  augit«, 

and  magnetite ; 


vü&potasaa; 


Pnraice, 

Phonolite, 

Porphyry, 

Meteoritig, 

Stercorite,  vide  ammoniiL 


Examinktloii  for  Boda. 

Soda  may  be  very  readily  detected  in  the  natural  salts  above  men- 
tioned, as  well  as  in  any  salt  of  which  it  forms  a  constituent,  by 
heating  quite  a  small  portion  of  the  salt  in  the  loop  of  a  platinum 
wire,  with  the  tip  of  the  blue  flame.     The  enter  flame  immediately 
becomes  enlarged  and   assumes  a  reddish-yellow  tinge,  i%  7^,  even 
when  a  large  amount  of  potassa  or  lithia  is  likewise  present.     If  the 
«alt  is  free  from  phosphoric  or  boracic  acid  and  contains  a  very  large 
amount  of  potassa,  the  flame  is  not  pure  reddieh-yellow  close  to  the 
assay,  but  rather  violet  while  at  a  greater  distance  the  reddish-yellow 
color  alone   prevails,  and   thus  it  may  be  quite    well   deU^rmined 
whether  there  is  much  less  soda  than  potassa  present.     In  presence 
of  lithia  the  yellow  flame  is  more  strongly  mixed  with  red,  in  pro- 
portion as  the  salt  is  richer  in  lithia  and  poorer  in  soda,  so  that  with 
considerable  lithia  and  little  soda  the  flame  is  not  reddish -yellow,  but 
yellowish-red. 

When  a  small  quantity  of  any  volatile  salt  of  soda  on  platinum 
wire  is  brought  within  the  zone  of  fusion  of  the  gas-burner,  p.  0, 
Fig.  8,  the  light  proceeding  from  it  renders  a  crystal  of  bichromate 
of  potassa  colorless,  when  held  near  the  flame    (Bunsen  :  Ann.  iL 
Chem.  u.  Pharm.  Bd.  CXI.  Hft  3).    A  better  reaction  is  obtained 
when  this  deep  red  salt  is  replaced  by  a  slip  of  paper,   about  one 
oentim.   sqnar^  coated  with  iodide  of  mercury,  which    assumes   a 
white  color,  with  a  shade  of  pale  yellow.     Potassa,  lithia,  and  Ume 
do  not  prevent  this  reaction. 
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According  to  Merz  tlie  »xlu  flame  appears  nrange-yellow  Ibnmgb 
green  gluss,  uliile  the  putasüu  il&uw  la  blutiili-grei.'u  tinil  the  littiiA 
dame  invisible 

In  silicates,  as  well  in  the  natural  silicutoa  as  iu  other  more  or  le^a 
rusible  compound  eubstances,  the  predeuce  of  scrt»  can  aU)  be  de- 
tected by  the  reddish-yclloiv  fliinie,  when  small  splinters  are  heated 
in  the  platinum  forceps. 

Biiu&eii'fi  test}  given  above,  is  of  especial  inten^st  in  the  examina- 
tion of  silicates,  bnt  can  only  be  performed  with  the  aid  of  the  gas- 
burner.  It  is  necessary  to  have  a  number  of  feldspars,  accurutely 
analyzed  and  arranged  according  to  tbeir  increasing  proportions  of 
soda;  these  »re  ignited  and  kepi  iu  a  pulverized  state.  If  one  of 
these  and  the  specimen  to  be  examined,  with  or  without  the  addition 
of  gy[>siim,  are  held  in  the  zone  of  fusion  ut  the  same  time,  taking 
care  that  equal  lengths  of  wire  shall  be  heated,  a  strip  of  io<lide  of 
mercury  pajier  placed  before  the  fiamc  will  be  more  or  lees  blanched. 
If  now  the  specimen  to  be  determined  is  withdrawn  from  the  Same 
and  the  paper  uj^<;umes  a  perceptibly  redder  sliade,  the  specinien  cou- 
taius  more  soda  tban  the  silicate  used  for  comparisün,  while  if  the 
paper  Wcomes  whiter,  the  contrary  is  the  casew  By  determining  iu 
this  way  between  what  numbers  the  reaction  occurä,  the  nmoant  of 
soda  in  the  oiineral  under  examination  can  Ik  approxi mati-ly  ».«ücr- 
tained.  Various  precautions  must  be  observed  in  this  test,  bnt  for 
these  the  reader  is  relerred  to  the  work  cited  above. 


3.  LiTEIA,  LL 

Its  occurrence  in  the  mineral  kingdom, 

Lilhia  is  never  met  with  in  the  IVee  state,  bnt  always  in  eorabina- 
tion  with  ntber  bodies. 

a.  In  combination  with  phosphoric  acid,  xmrtly  with  and  portly 
without  lluorine,  in 

Amblygonite  I,  2,— Its  composition  corresponds  for  the  most  part  to 

the  formula :  [(Li.  Na)  F  +  AV  F*]  +  [i  Li,  fia)*  P«  +  Al'  P*] ; 

Triphylitö  I,  1,— according  to  Rammelsberg  :  (Li,  iSlg)'  P  +  2  (t'e, 

Mn)'TP. 
&  In  silicate«: 
Spodimiene  I  A,  3,— (Li,  fTa)'  Si'  +  4  ii  Si"  • 
I'etuhte  n,  3,-3  (Li,  Sfa)  Si"  +  4  äl  Si' ; 
Castorite  I-II,  3,— probably  petahte; 


^ophyllite  T  A,  1,-3  (fe,  t.,  Li)'  Si' +  4  (Xl lEe)  Si';  coutaina 
traces  uf  ^a,  Üb,  Ca  ;  ulfiu  euiue  F  ; 
ICookeite  II  A,  2,— 8i,  Xl,  Li,  fc,  II,  Si  F*;  Dana; 

Dai-augite,— (Li,  5;u)'A5  +  3  (Xl,  Ikj)  Äa ; 
Tourmaline   (litbiii  touruidiue,  rubellitej  vide  ma^esia; 
Lc'pidoUtc,  viae  potas&u ; 
jScapolite  (&ome  Taheties),  vid«  lime. 

Examluatiou  ior  Uthia. 

Lilhia  is  very  readily  d«ti;ct«l  in  ite  salt«  by  beating  them^  either 
OD  platinum  wire  or  in  tlie  rurof]»»,  tiocording  to  their  fugihility,  with 
the  tip  of  the  blue  flame ;  a  red  tiuge  is  alwtiyg  imparted  to  tb« 
itatvr  fluuiO;  owing  to  Ibe  carmine-red  color  wbich  lithia  commoni- 
catfö.  Muny  htruntiu  uud  lime'äulu,  however,  ükuvrise  givu  a  red 
flume,  wliieh  fact  mnst  bv  borne  in  mind,  and  the  ealt  in  qucetjon 
further  t4^ted,  as  will  be  directed  undtT  stroutiu  imd  linu'.*  The 
t'«nninf-nd  produc-ed  by  a  puiv  lithia  suit  may  uppear  quil« different 
wbeu  other  sulsuinces  arc  present,  which  also  color  tlie  Kamc.  e.g^ 
Should  the  salt  bo  irce  from  enda,  bat  oontaiu  phosphoric 
acid,  which  colurs  tbe  flume  bhush-gr^^n,  the  red  and  green  do  not 
nnite,  imt  both  colors  arc  »ci'iinitcly  visilile.  Triphylite  ühowö  thifl 
pbenomeaon,  p.  74 

A  mixture  of  lithia  and  ix)ta«sa  saUtt  njvm  a  loop  of  platinum 
wire  impart«  to  the  flame  a  rod  liuge,  which  is  lesa  intense  and  more 
hiclined  to  reddish-violet  as  the  potass»  iucrcasoä  in  coniixirison  with 
tlie  lithia.  A  mistnre  of  lithia,  potjU)!<u,  und  soda  salts  in  which 
litittu  ptL-domluatcii.  caUBca  a  yt'l!üwii*h-red  flume,  wliile  if  iKitUvSea 
|»redorainat*^ft  the  flame  ia  reddish-violet  qaite  close  to  the  aasay,  but 
reddish -yd  low  beyond.  If  the  soda  prevails  and  the  aasay  i»  fused 
with  the  tip  of  the  blue  flame,  the  reaction  of  the  potaasa  and  lithia 
is  concealed  anil  only  tin-  i*e<Mish-yc]litw  c^Ior  is  |>erceptible,  but  by 
^tonchiog  the  sail  with  the  outer  Hume  only,  and  employing  a  very 
entle  bUiat,  a  distinct  red  flame  may  be  frequently  produced  for  u 
fifaort  time. 


•  ChainnAn  lun  nicgwted  the  vt«  of  chloride  uf  Imriiim  to  lü-tingiiüli  the  li'mo  or 
I  «trrrtiiin  riilonkiiun  from  ilitt  of  liihui.  If  tlic  uvt  liubfti&iicc  is  fusvd  on  platiiiuin  wire 
Iwlih  ntirc  ht  volume  of  ilte  cbloridc.  in  the  point  of  the  blue  HHmr,  iti«  urigin»!  ivd 
Iculurntiuu  wilt  reniiiin  undeAtroj'i.-il.orrTcii  be  iiicreawd  In  intensity,  if  caiiMil  lt_v  lithJii 
Iwbllv  if  «lue  m  nmoriii  or  lime  n  liTuwnish-vrlluw  tinj^  will  lie  imprtrii^l  to  tliu  flonit 
llwinltr.  The  teet  tnujr  be  applicil  to  thu  nitaral  siliculei,  pbuspliatce,  «nd  olbcr  uUls,— 
|{Trmn»l.] 
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Acoordiug  to  Stein  {Ann,  c.  Cheta.  u.  Fhann.  ron  WAhler  a. 
Liebi^',  vol  h%  p.  !243),  the  lithia  roactioa  iä  rendered  indistinct  uid 
Bointtimes  quite  conci-'uli.-d  by  the  $oda  because  the  tempi-rature  i« 
Uk)  high.  He  has  found  that  by  fusing  the  iissay  on  iihitiiium  wire, 
juät  so  that  it  reniuina  purous,  and  then  soaking  it  in  tallow  and 
lieatiug  it  in  a  caudle  iliim<s  the  red  lithia  flume  is  etill  distinctly 
risible,  even  when  tlic  amount  of  lithia  is  less  ctiau  fVr«  ^^^^  ^^  ^^^ 
eoda.* 

The  fflt'ct  of  tlje  lithia  tlame  when  viewed  througli  cobalt  glass  or 
indigo  solution  lias  already  l)een  stated,  p.  12-t.  and  this  aflurd$  a 
certain  nuana  of  detectiug  lilhia  whtn  mixed  with  soda  uud  iiotaäsa. 
Cartm»:!!  (1.  c«)  recommeiid:^  the  observation,  thniugh  indigo  solution, 
of  tlie  flame  produced  in  the  Bunsen  burner  by  all  these  base« 
to>ri*tliu*r  by  the  side  of  a  pare  potas?a  flame.  Accordiaig  to  Buuseu, 
the  dislinctiuu  succeeds  still  better  by  observing  th«  snrresnivr  nifef' 
ationtt  of  the  ro/or  which  occur  wheu  each  of  the  flames,  produced 
side  by  side,  is  viewed  through  a  stnitam  of  indigo  äulutiun  cou- 
stautly  incrcasiug  in  thickness.  For  this  purpose  u  prisra  of  plate 
g\as»  euntaitiing  the  solution  is  held  before  the  eye.  Pure  carbonate 
of  lithia,  or  chloride  of  lithium,  shows  a  carmine-red  flame  through 
the  thinnest  stratum,  while  pota^isa  still  u{){H.'ard  sky  blue  to  viulcu 
The  liLliiu  flamt;  gruwä  feebler  us  tht:  ütralum  iuereast'S  in  ihickui-s^ 
Hud  disappears  loug  before  the  thickest  stratum  comes  before  the  eye. 
i'otas6u  aud  soda  have  no  iuflueace  in  this  case.  Since  the  two  salirf 
jusL  named  give  a  moi-e  inteust.'  color  than  any  other  lithia  cuui- 
|>ounds,  it  is  only  necessary  to  mark  that  point  of  the  prism  whi.-ra 
the  color  imparted  to  the  flame  by  these  bodies  becomes  invisible,  and 
then  tlmaigh  the  strata  above  this  mark  only  jwtas?»  can  be  per- 
ceived, but  lithia  never.  This  jKirliun  of  the  pri^im  tlien  {»erfeclly 
replaces  a  thick  cobalt  glass.  « 

If  now  a  portion  oT  a  potassa  salt  containing  lithia  is  fused  in  the 
flame  (soda  alters  the  event  but  little,  unless  prei^ent  in  quite  a  Im'ge 
prD|)ortion),  and  the  flume  compared  with  a  pure  potA:>j«  flame  prii- 


*  Aocordin^  lo  OttKjiinftn,  lUliia  nuiy  be  dcti-cte«!  in  prvst>nce  of  mnIu  hj  fukin^  Ifai 
test  enbstaiice  with  rhiuridc  o(  bitrium,  provided  It  can  be  dcvorapcued  lir  siirlt  a  ftikion. 
The  powder  u  fiiün]  on  platinnni  wirv  in  O.  F.  whh  tn-ic«  it«  %-olatnc  of  ihe  clilurid»; 
at  flrvt  tberf  i»  n  «troti^  mkL«  Anme,  which  gradualK  diiuinbheji  in  iateniDtv,  uid  i<  ttw- 
4.n<1m1  bv  lite  hnryia  colomtioii.  I7|icia  tbcii  lirln^in^  the  fuM.il  nuuit  dcrpcr  into  the 
flnmva  ilislincl  criiixoii  cwUirb  proiliiaii,  tjrile*»  onlv  lnic«of  lliliio  arc  ]in*cni.  Two 
fuiiinlm'  rxjHüfure  ti>  tlic  Ranit:  will  Niiftii'«t  to  prwluce  the  rcnctioti,  which  i»  w>l  itSnrted 
hy  atnmiia  or  lim«  salts,  as  these  du  not  color  the  flnini:  tvd  in  prvxncc  vf  clduride  wf 
iftrium.— [Tniiwl.] 
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luced  opposite  to  it,  the  flame  ooutaining  lithia  nppoors  redder  than 
the  pare  potuesa  tlaiue,  through  thin  tütrala;  thixtugh  somewlmt 
thicker  stmta  the  6un)t.-a  »re  equuily  n'd,  if  the  amount  of  Hthin  is 
very  trifliug  in  comparisüu  with  the  potassa;  if  the  lithia  predumi- 
Otttofs  llje  intensity  of  th«  now  red  lithia  flame  decreases  perctjHihly 
the  thiekncas  of  the  etrutum  iiiercuses,  while  the  pure  potaaaa 

e  is  scarcely  weakened  at  all. 
In  eilicutes  coutuiulng  lithia  this  alkali  may  likewise  be  dc-t<.'ctcd 
by  the  hlowpip*?  flame.  Unless  there  is  too  little  lithia  pn-sent  it  ia 
at  once  recogriized  by  the  red  flame  produced  by  a  small  splinter 
eated  in  the  forceps.  In  the  abueuce  of  doda  tui  inteu^e  purplish- 
rod  flnme  is  producod  wrhiie  the  assay  h  fusing;  this  is  the  cä^.  with 
lepidolito  and  easturite.  Lees  ihteus<i  and  pui*c,  but  tiUll  distinctly 
perceptible  colorations  are  produced  by  ]>etalite  and  epudumeoe, 
fh^n  not  too  8trongly  hinted. 

ilieates  coutaiuing  only  a  little  lilbia,  «.y»  lithia-tourmaline,  and 
Certain  scupolites  color  the  flame  only  very  irtdistinctiy»  or  not  at  all 
red.  In  this  ca&e  Turners  method  may  be  employed,  which  con^itds 
ia  making  a  paste  of  the  flnely-powdered  mineral  with  a  niixturv  of 
one  ]nu-t  fliiür  spar,  one  and  a  hulf  bi:4ulphate  of  puta.*;£a,  und  u  little 
waur,  und  fuäiug  it  on  a  luop  of  platinum  wire  within  the  blue 
le,  at  the  same  time  carefully  observing  the  color  of  the  outer 
According  to  Mcrlet,  twii  parts  of  the  mixture  must  be  taken 
M6  of  the  siticate  to  nmke  the  reuctiuu  fur  lithia  ]^)erfectly  tiure. 
If  the  silicate  contaius  a  little  lithia,  this  colors  the  flame  red,  bat 
.ot  very  intensely,  the  red  inclining  strongly  to  the  violet  of  the 
itaastt.  If  the  silicate  is  free  from  lithia,  uuly  the  violet  putussa 
flame  enenes;  eoda  renders  the  reaction  indistinct  If  the  silicate 
contains  boracic  acid,  e.g.,  ttmrmaline,  u  green  flume  is  at  first  pro- 
duced, showing  the  buracic  acid>  but  aftcrwattl  a  mure  or  leiis  in- 
tense red  flame  is  cnnsod  by  the  HthiiL 

[The  mixture  propoaed  by  Poole  serves  still  belter  than  Turnei-'a 
for  detecting  lithia. — It  consists  of  two  parts  ignited  gypsum  and 
one  purt  fluor  spar.    Communicated  by  Professor  Kicliter.j 

Lithia  may  also  be  detected  with  certainty  in  silicates  by  using  a 
BuQSeii  burner  and  the  indigo  prism.  The  assay  powder  is  heated 
with  gypsum  in  the  zone  of  fusion,  and  upp<jsitc  to  it  some  curbon- 
Ate  of  potossa,  while  both  flumes  arc  observed  through  the  prism» 
which  is  passed  before  the  eye.  If  the  assay  contains  lithia,  iu 
flame,  at  that  point  of  the  prism  where  the  soda  flame  disapjK'ars, 
set-ms  red  in  comjiurisun  with  the  cuni-flower  blue  |iiiljuiwa  tlame. 
As  the  stratum  inci-eases  iu  thickness  the  red  lithia  flame  gradually 
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lose«  its  iutcusity,  while  the  bine  of  the  poUwa  flame  passes  throngb 
viuiei  tu  red,  which  ttt  a  oerluiu  Ibickness  of  tlie  Btratom  is  (|(iitc 
similar  to  the  color  uf  the  lithiu  fittmc. 


4.  Ammonia,  Nil'. 

lU  occurrence  in  the  mineral  kingdom. 

AmmoDta  is  alwavs  found  combined  with  other  bodies. 

a.  As  amtfwnium  with  chhritte  in 
Sal  ammoniacv — Nil*  CI; 
Kremer&iie, — vidi  ixitnes«. 

h.  With  guiphuric  ncid  in 
Mnsciigiiitt'.— KH*Ö5  +  fl  ; 

T«cherniigite  (ummonia  alum),— NH'OS  -f  Ä1  H»  +  »4  fl; 
Leo<,intitc,  %>iäe  soda.    , 

c  With  piw-rphoric  acid  in 

SteroorilLN— :Su,  NH'O,  P  +  9  Ü ; 

StruTite,— XirO.  Älg',  F  +  12  Ü; 

d.  With  boracic  add  tn 
Urderflhto,— XH*OB*  +  4  Ü. 

€.  With  cttrintnic  acid  iu 
T(.'5chemacht?rite,— (J  NirO  +  ^  Ö)  C. 

It  is  alsii  found  in  trilling;  quandtT  as  an  unessential  oonsttf 
of  eoTeral  othir  mint'nil  Bubstaneos»  iuclnding : 
Tachylrtc,  viH*  potassa ; 

Halite  (nx'k  salt»  certain  specimens),  vide  soda; 
Picn»sniiiit\  i-iV/r  magnesia; 
Sa«suUt«,  ride  boracic  aeid. 

Also  in  different  kinds  of  clay,  in  certain  natire  oxides  of  it 
and  other  mineral  bodies,  when  ther  contain  inclosed  organic  mat- 
ter. 

BaAmiiwUoa  for  Amamai«. 

In  the  compounds  of  ammonia,  many  of  vhicb  can  be  reoogniied 
at  once  by  their  rolatility  in  the  maim«»,  p.  61,  the  ammonia  may 
be  T«ry  t^a»ily  dcti^ciM  by  mixing  a  UttW  of  the  eab8tanct>  with  soda 
gmd  gradually  h*aiing  them  in  a  matrass  or  cloord  tube  over  tbtt 
ipiri(*lun)]v  An  AninuiniA<*a1  odor  is  crolted,  and  a  bit  uf  moistened 
r«a  Uttnits  pa|ier  iuscru-d  in  tho  tube  is  rolond  bloev  While  ulouda 
also  r^-mi  if  a  glass  rod  moit^toned  with  bydr^whlorio  «cid  is  held 
«bar«  tl»  rttd  of  the  open  tube.    As  nrganU  ihr  other  mintral  sub 
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iceä  in  which  the  animouia  forms  only  an  uuosscntiul  imd,  fre- 
quently, only  accitlcntal  iiigivdiem,  tiie  ainniüiiia  may  geut-nilly  be 
[re(Xigni7,ed  by  tesiiog  thtm  alone  in  the  matrass,  either  at  once  by 
[the  udur,  ur  by  means  of  moisttfiied  red  litmus  paper,  since  the  am- 
jmonia  oscai)e3,  whether  it  was  present  already  oe  such,  or  was  formed 
by  beating  a  aubstuucu  containing  organic,  nitrogeuoas  matters. 


6,  "Baryta,  ßa. 

1(41  occurrence  in  the  mineral  kingdom. 

Baryta  always  occurs  in  combination  with  other  bodies, 
a.  With  sulphuric  acid  iu 
Borite  {harjftcij  heavy  spar),  3,— ßaS,  sometimes  containing  C'ft5or 
■         SrS; 

^^bx;ytooeIeetite,  3, — ßa  H  and  Sr  S  in  varying  pi-uportiuns ; 
Hmelite,  2.— fia  '^,  Oa  h',  Öa  CJ^  Si,  Xl,  ll.     (Ca  S  +  3  f(a  S ;    Dana.) 
Ä.  With  earbitnic  acid  in 
Witberit*,  1,— BaC; 

IBarrtoculcito,  1,— ha  C  +  Ca  C,  always  containing  simie  Mn  C. 
Bromlite,  l,^contai«8  the  same  constituents  as  barytucalcile  under 
Another  crystalline  form,  but  the  constituents  are  appanjutly  in  vary- 
ing proportions. 
&  With9i7icic  aeid  in 
Hurmutume  1-TI,  l,—X\  Si'  +  ^  Si*  +  5  ä;  iDcI.  some  K,  ^^a,  Oa, 

■Brcwaterite  I  A,  1,— Ä1  Si'  +  (&r,  tin)  Si'  +  5  fi,  with  some  Ca  and 

lUlingtonite  I-II,  la,— 4  Xl  Si'  +  3  ba  5i  +  12  Ü,  nearly. 

Baryta  also  occurs  in  admixture  with 
jFBi)ün)elane,  barytiferous,    \ 
[Braiinito«  >  Wefe  manganese 

laasmaixnite,  I 

Since  barite  sometimes  forms  an  ingredient  iu  ores  dreseod  on  a 
%rge  scale,  and  is  iilito  added  in  many  siiieltiug  proeeBses,  baryta  fru- 
ineDtly  forms  a  constituent  of  slagts,  which  also  uccaäionally  contain 
^svlphide  of  barium. 
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Bxunlnation  for  Baryta, 

including  the  blowpipe  citar acter istivs  of  minerals  containing  barytOf 
the  coiDfiituents  of  which  can  be  for  the  most  part  detected  at  the 
same  time. 

SULPHATES. 

a.  Jiarite  fuses  only  on  the  edge;  colors  the  flame  yellowieh- 
^H'l'ii ;  on  ooal  iu  the  11.  F.  is  reduced  to  sulphide.  With  sodaOL 
platinum  Toil  it  fusL's  to  a  clear  mass;  un  charcoal  it  at  first  gives  a 
(Oi'iir  hfiul  u'itli  «oda,  which  spreads  out  on  continuing  the  blast  and 
sinks  with  elnillitiun  into  the  coal  as  a  strongly  hepatic  mass.  This 
(^ul.  (Uli,  laid  on  silver  toil,  and  moistened  thoroughly,  gives  a  black 
spot  of  Hulpliide  uf  silver. 

When  the  Imrite  contains  Ca  !S  and  a  little  is  treated  with  soda  in 
|K)wdiT.  the  sulpiiitte  of  baryta  and  the  soda  with  the  sulphuric  acid 
from  the  lime  sink  into  the  coal,  leaving  the  lime,  which  generally 
(ullteres  1(1  the  edjies  of  tlio  annual  rings,  and  can  be  recognized  by 
lieeoniin;;  ipiite  luniinousi  when  treated  fur  a  while  with  the  O.  F. 

/i.  /iiiriftotr/ffififr  fuses  with  great  ditticulty,  but  more  easily  than 
Imrite.  tinit  etdors  the  flame  vtlhnvish-green.  The  difference  in  the 
fnsihilitv  of  tlie  two  can  best  be  test«!  by  pulverizing  each  with  a 
little  water,  forming  iwo  thin  crusts  from  the  paste,  according  to 
p.  TtV  iind  then  testing  one  of  these  after  the  other  at  the  same 
te  iiiuralun'.  With  soda  it  roucis  like  barite.  as  strontia  also  goea 
into  the  eoal.  The  presence  of  strontia  is  detected  by  a  special  test, 
which  will  he  gi\eu  heiv  for  the  s;ike  of  connection. 

A  liiih'  of  the  mineral  is  pulverized  with  some  purified  graphite 
iintl  Wilier  in  the  mortar,  ilivpix-d  upon  coal,  and  treated  after  careful 
ilninir  for  j>ome  time  with  the  K.  F.  on  both  -sides.  The  resulting 
eontpxiind  of  sulphides  of  barium  and  strontium  is  decomposed  in 
ii  pore,  lain  \e^^el  with  hydrtH'hloric  aeid.  the  eolntiou  evuporuted 
ln^nlell^;lteI^  u«  »lrvne^;s,  the  Siili  dissolviil  in  a  few  dr<>pä  of  distilled 
\Ki(i  r.  and  then  aleohol  :idde\l  until  a  spirit  of  about  80°  is  obtained. 
I'pon  M'tiniji  tiiv  to  this  and  constantly  stirring  it  with  a  glass  rod, 
(he  llanie  of  the  aleohol  is  vvlortnl  r^nl  with  chloride  of  stroutinm. 
l''\eii  «lien  ilie  amoniit  ot"  t'irontia  is  trifling  the  color  may  be  dis- 
iMuil\  Mi-n  It'  the  st'lniion  of  the  s;iUs  in  alcohol  is  absorbed  by  a 
ball  of  i-KHon  wrapped  aVont  a  loop  of  platinum  wire  and  then  set 
en  liiv.  Here.  ;is  nt  ih.'  ivse  of  the  Mowpijv  flame,  care  must  be 
laK.n  i*a\oul  an\  impuri'.us  arising  frv*m  soda  salt^  vhich  would 
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j  color  tli«f  flume  iüteiiM  K^ddisli-yellow  and  more  or  less  conceal  the 
riKl  fluniti  fL'Sulting  from  any  LriÜing  uiiioutiL  uf  stnmlia. 

(  c  Dreelit«  fuöea,  accordüig  to  Dufn-iioj»  to  u  wbit*^  blebhy  glasB, 
aud  probably  behttvcs  with  soda  quite  tilft  bjirite  coutaiuiug  time 


» 
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CABBON'ATES, 

itfierite  fuw^-s  easily  to  a  Ixjud,  coloring  the  flame  distinctly 
jell owiiih -green  und  acquiring  an  alkuliu»  reaction.  AVith  soda  fuses 
very  wi«iir  and  goes  into  the  coal.  Disiolrcs  in  dilute  hydrochloric 
acid  with  <*(lV;rvc8Cfince. 

b.  Jiarytocalcite  is  almost  infusible,  but  prodaccs  on  intensely 
yellow tsh-green  flame.  Strongly  heated  it  frits  on  the  surface, 
beoomi'e!  bluitih-gn-on  (iJa  Slu),  and  aciiuirea  an  aDtalinu  noctiou. 

I      With  «tda  tiie  lime  separates,  while   the  rejst  sinks  into  the   coal. 

Bwith  borax  and  S  Ph  (with  uudition  of  nitre,  p.  105),  a  feeble  but 

^b||^uct  manganese  reaction  U  obtained. 

^^^^roiiilite  bt-buvee  very  similarly,  with  tho  exception  of  the  mau- 
ganeite  reaction. 

I  The  pn-scnce  of  lime  in  barytocalcite  and  bromlite  can  Ije  detected 
l»y  cauii<>u»Iy  bringing  the  powdered  minerals,  moistened  with  hydro- 
cliUirJe  acid  and  spread  on  a  loop  of  platinum  wiri*,  near  the  tip  of 
the  blue  flume.  During  the  ßist  action  of  the  tiame,  itistinct 
streakä  of  the  ydlowish-red  lime  flame  are  bclu,  which  aa*,  however, 
Yery  soon  concealed  by  tlie  bui^ta. 

I     In  silicates  baryta  cannot  be  detected,  either  by  the  flame,  or  bj 
ita  behavior  with  £o<la;  nor  is  there  any  other  means  of  detemiiuing 
^^it  with  certainty  in  the  dr)'  way.    The  wet  way  must  therefore  be 
Bliaed  in  eoimectiou  with  the  dry  method. 

The  silicates  above  named,  ?iarmotOffie  and  brcirittf.rih,  can  Iw 
decomposed  by  hydrochloric  acid  so  that,  afn^r  filtering  out  the 
«ilicic  acid,  all  the  base's  may  be  detected.  üi»on  adding  bisulphat« 
Lt>r  pttufda.  or  a  few  drops  of  sulphtiric  acid,  to  the  dulution  the 
rytu  and  etrontiu  are  precipitated  as  sulphates,  and  the  only  ques- 
fcion  is  whether  we  have  both  of  these  salt«,  or  which  alone.  To 
srmine  this  the  precipitate  is  thoroughly  washed  on  a  filter  with 
lot  wutor,  8ikre»l  un  coal,  dried  with  the  bloffpi[)e,  and  tlien  heated 
strongly  until  it  adheres.  The  crust  thus  formed  is  tested  in  thu 
^forceps  as  to  fnsibihty  oud  the  color  it  imparts  to  the  flame.     If  it 
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fnso«  to  a  bead,  and  gives  a  wd  flrtme,  it  I'e  stnaiti» ;  if  it  fnsc*  ouly 
with  difficulty  on  the  edges,  aiid  colors  the  rtome  yellowish-green,  it  ii 
buryta;  while  if  it  ia  lees  fusible  than  in  the  former  case  aud  more 
fusible  than  in  the  latter,  and  at  the  same  time  produces  rather  a 
yeUowish -green  than  a  red  flume,  it  ia  quite  eertuiu  to  tx;  a  niiiiture 
of  both.  In  order  to  remove  all  doubtfuluääs  frum  the  reaciiou  it  i«, 
however,  necessary  to  wash  the  preeipitat*;  so  thoroughly  that  no 
soda  can  be  proseot,  as  this  wonld  alter  both  the  fnstbility  and  the 
flame.  If  the  yellowiah-green  flame  has  phtiuly  shown  barvta,  hut 
there  is  still  a  donbt  whether  ^troutia  may  not  be  prcM'Ut,  the 
already  tested  assay,  or  a  fre«h  portion  of  the  precipitate,  ia  to  be 
treated  with  graphite  on  oal.  exactly  as  directed  for  baryioceleatitej 
p.  138. 

The  manner  in  which  the  other  Im^es  are  detecteil  ia  Imnnotorae 
and  brcwsteriti't  and  the  niothwl  of  examining'  div^cied  ores  and  6lugi 
with  the  help  of  the  wet  way,  is  described  in  the  examination  of  «iU- 
cut<-8  contaiuiug  lime,  under  limu,  ]x  154. 

According  to  Chapman  {Cttem.  Qaz,t  Itl,  p.  299),  mixiurrs  of  lia  3 
and  är  iS  are  fused  in  a  platinum  spoon  with  three  to  four  {»artu  of 
chloride  of  calcium  and  the  fuaed  masa  boiled  with  water.  To  tbe 
clear  solution,  diluted  with  water,  a  few  dropi  of  Chromate  ofpouiüs» 
in  solution  are  added,  and  if  a  clondinesii  is  produced  this  itidicutes 
the  presence  of  baryta,  since  strontia  is  only  precipitaited  Irum  a 
concentrated  solution. 


MANOAXESB  OftES   CONTAINING   DAKYTA. 

In  the  three  manganese  ores  named,  braunitey  hau«vnftnniU^  and 
psiiomelnne,  liie  trifling  amount  of  baryta  can  i$uraetimes  be  detected 
«imply  by  the  feeble,  yet  distinct,  baryta  flame  produced  by  a  small 
splinter,  cither  alone,  or  moistened  with  hydrochloric  acid-  If  this 
gives  no  satisfactory  result,  a  not  too  small  amount  of  the  mineral  is 
dissolved  in  hydrochloric  acid,  diluted  with  water,  tillered  if  uecciwarr, 
and  tested  with  bisulphate  of  potassa  or  i^ulphnric  acid.  If  a  pre- 
cipitate rcjiults,  it  can  be  cüllected  on  a  Alter  and  tested,  as  befor« 
described. 

6.  Strontia,  St. 

Its  occurrtHce  in  tltt  mineral  kitifftiom^ 

Strontia  occnrs  only : 
a.  With  sulphuric  aritf  in 
Cclcstitc,  3,— Sr  3,  sometime«  with  a  little  lia,  Ca,  IPe,  and  ft  ; 
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Barrtooelt'Stite  vid«  baryta; 

AU»  MCcaäJoiiaUy  in  trifling  quantity  in  burile^  vide  baryta. 

b.  With  carbonic  acta  iu 

Strontiunite,  1, — Ar  C,  containing  frequently  more  or  less  Ca  C,  Sin, 

Pt%  antl  fl ; 
Also  in  trifling  quantity  in  arugonite,  vide  lime. 

c.  With  Hilicic  acid  in 
Brewstcrilc,  vide  baryta. 

0  Exuninatioii  for  Strontia, 

Incttiding  the  blou^pipe  characteristic«  of  minerah  containing  strontia, 
the  Consta  mills  of  which  can  be  for  the  most  part  detected  at  the 
game  lime. 

eCLPHATKS. 

Cetestxie  (which  gentirally  dncrt-pitfttL'S  whon  cryfitullized)  fuses  to  a 
milk-whitt!  bend,  culoring^  tlie  Hume  i%il,  p.  ?4.  On  coal  in  K.  F.  it 
§])rea<Is  out  and  ii)  ehaiigi-d  lu  a  difliculily  fusilde,  hepatic  nniä».  cun- 
sisting  chiefly  of  siilpliiile.  'I'his  trcau-d  witli  hydrnchloric  acid  und 
alcuhol,  as  directed  under  baryta,  fur  minerals  containing  strontia, 
gircs  an  intense  red  llarnc; 

With  »kIu  fuses  to  a  clear  mase,  which  sinks  into  the  ct^al  with 
efTerrcsccinoti ;  any  trifling  adnii.itnres  of  Ca  or  £!e  are  sti]>arutc'd  luid 
behave  aa  stated  on  p.  138.  The  mass  cut  out  fh>m  the  coal  gives  u 
sulpiinr  reai^tiün  on  silver. 

The  method  of  detecting  atrontia  iu  barytocelefitite  and  certain 
borites  has  been  given  under  baryta. 


CARBONATBS. 

o.  Strontianite  swells  in  the  blowpipe  flame,  putting  forth  ramifi* 
cati>>n<«  which  glow  with  a  bright  white  light  and  fuse  only  on  the 
thüiUfäL  edges;  the  flame  is  colored  red,  and  must  slrongly  whci-e  the 
assay  is  most  luminous.  After  ignition  the  assay  reacts  alkaline  on 
litmus  paper. 
^Btrontianite  dissolves  with  effervescence  iu  dilute  hydrochloric 
acid,  and  if  the  eolation  is  evajmrated  to  dryness  and  the  resulting 
chloride  of  struntiuin  treated  with  alcohol,  or  held  in  the  blowpipe 
fUme  on  platinum  wire,  it  pi-oduces  a  red  flame.  According  to  von 
Kobell  a  bit  of  strontiuniio  nioistt-nvd  with  the  acid  aud  simply  held 
to  the  eontlle  flume  will  produce  a  red  color. 

The  purity  of  stronrianite  can  readily  be  tested  by  fusion  with 
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soda.  The  pnro  mineral  fiisca  to  a  cU-an  muss  mul  goes  into  l*h€ 
coal,  but  if  liny  Ciu  Ee.  etc.»  are  present  they  are  geparattd  arid  leR 
on  the  snrFace,  as  with  barite. 

b.  Araffotiife  sometimes  contains  a  little  strontia^  vhich  can  be 
detected  by  lieatiug  iu  the  forceps  a  fragment  of  the  assay,  prtvioa.  «ly 
decrtfpitated  in  a  matniss;  it  is  infusible,  but  colors  tlie  Same  n>  «>re 
inteusely  red  than  an  equally  large  piece  of  calnitc.  To  detect  ij 
more  certainly,  a  sufficient  amount  is  disf^olved  in  dilute  hydrochlorio 
acid  bud  the  strontia  precipitated  with  a  few  drops  of  sulphuric  a-oid 
The  precipitate  is  collected  and  treated  as  directed  on  p.  139.  It 
fusee  to  a  bead  and  colors  the  flame  red  like  sulphate  of  strontia, 

Strontia  is  detected  in  hrewsterite  as  already  directed,  p.  I3l>.  Al' 
though  sLronlJanile  sometimes  occurs  in  on>-l)earing  veius»  and  it  id 
therefore  presumable  that  strontia  also  frequently  forms  a  tri^iag 
constituent  in  dressed  ores  and  the  slags  produced  from  them,  ill«' 
quite  certain  that  the  very  triÜiug  ainouut  could  seldom  be  detectwl 
with  certainty.  When  it  is  desired,  however,  to  have  regiLTd  to  any 
strontia  present  in  a  slag  or  ore  which  is  being  examined  for  haryu, 
attention  must  bo  paid  to  the  remarks  made  under  baryta,  p.  139. 


7.  LiUB,  Ca. 
Its  occttrrence  in  (he  mineral  kingdom. 

Lime  is  of  quite  frequent  occurreuce  and  is  found: 
ff.  As  cJiloride  in 
Tncliydrite  1,— {Ca  CI  +  Ä  Mg  CI)  +  18  fi  ; 
h.  Asßnorid«  in 

Fluorite  ifiuor  spar),  1-2,— Ca  F,  with  sometimes  a  little  01  and  P ; 
the  blue  fluoritc  from  Wölaendorf,  Bararia,  is  said  to  contain 
hypochlorite  of  lime; 

Gearkautite,— Ca'  F  +  AI'  P  +  4  fi ; 

Prosopite,— Ca  F,  Si  F',  Ä1,  Sig.  Sin,  ft  ; 

Yttrocerite  1,— Ca  F,  Y  F,  Ce  F,  in  varying  proportions,  witli  prob- 
ably %  and  perhaps  also  La  and  l)i. 
r.  With  Kulphuric  acid  in 

Anhydrite  3,— Ca  S,  frequently  coutaining  a  little  Si,  C,  |Ie,  and  tt 
Gypsum  1-2.— Ca  S  +  a  fi,  and  occasionally  impurities ; 
Poiyhalite,  vide  potassa ; 
Glanberite,  nWesoda; 
Dreelite,  vide  baryta. 
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d.    With  nitric  acid  in 

Nitroc»lcite,— C*  K  +  Ü. 

c  With  phutphnric  acid,  and  at  the  same  time  as  cakivm  with 
fivorine  ami  chlorine  iu 
ilpadte  1,— phosphate  of  lime  with  chloride  or  flnoride  of  calcium.— 

tCa  (F,  CI)  +  3  Ca'  P;  the  CI  varies  frura  traces  to  4.1  per  cent.; 
the  F,  from  1.9  to  2  ppr  ranL,  is  seldom  directly  di^termined; 
many  specimens  contain  some  TP^e,  Mg,  luul  trifling  quantities  of 
alkuhcs ; 
*a.lc-aputite, — contains,  begidcs  the  nsual  ingredient  of  apatite,  Sfg, 
S,  and  insoluble  portions; 
r^neolite, — analogons  to  apatite,  but  some  Ca  replaced  by  ^e  and 
%; 
ydroaputite,— a  hydrous  apatite  with  5.3  per  cent,  water ; 
l^y  A'tidosite  ind  Giaubapatite,  mainly  hydrous  phosphate  of  lime, — 

ICa'l^  +  2  rt  ;  the  fonner  with  sulphate  and  carlwnate  of  lime, 
salphate  of  soda,  chloride  of  sodium,  organic  substances,  and 
traces  of  fluorine;  the  latter  with  sulphate  of  soda  (15.1  pci 
cent.)  and  water  {prolwibly  gnano,  Dana). 

(BSUmpatite    and    Osiculiti^,    conUiuiug  neither   Ul  nor   F;     tue 
former,  however,  contains  besides  phosphate  of  lime,  Si.  A',  Mg; 
ihe  lütter  Si,  Xl,  $^,  Mg,  K,  ^'a,  C,  Ü  ; 
■rtisliito  1,— (J  Ctt  +  i  H)'  P  -f-  4  fl  ; 
letabnishitc  1,— same  formula  but  only  3  Ü; 

Herterite  U,  l,-X\,  Oa,  P.  F? 

Tarutockit*,— (^  CV  +  }  ^I)'  P  +  3  fi. 
X-  With  carbonic  acid  iu 
I     (Wicit«  1,— Ca  C,  with  occasionally  ^,  Sn,  Co,  '^f  and  as  limestone, 
^■^    oHcn  mixed  with  CaB,  clay,  organic  matter,  etc.; 
^■ftKonite  1, — Ca  C,  with  trifling  amounts  of  &r  C,  Pb  C  (farnon- 
^^  cit-;),  or  Cu  C,  IPo,  and  Ü  ; 
^y-Lnssite,  vide  soda ; 

^«^mbocalcite  1,— (Ca,  Tb)  C.  a  rarietyof  calcite; 
^'^^dazrite  1,-2  Öa  C  +  Mg  ti  ; 
'^^«icatite  1,— Ca  C  +  Mg  ll ; 
^J^«irodolomite  1,-3  (Ca,  Mg)  Ö  +  Ö; 
*>loinite  (pearl  spar,  pt, ;  brown  spar,  pt.;  tbarandite)  1, — Ca  C  + 
ilg  0,  ocenaionaUy  with  Mn,  fe,  or^V;  other  varieties — 3  Co 
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C  +  a  Sig  C.  or  2  Ca  C  +  Sig  C  (guhrliülian),  or  Ca  C  +  3  Sfg  Ö 
(oonite).  In  brown  spar  (aiikerite,  taiitociin),  —Ca  C  +  (l'fg,  Po) 
C,  both  curboDak'S  occur,  with  very  variable  ttmoiinia  of  f'e  & 
auil  ^In  C; 

Barytoealcite,  wV/«  baryta; 

Manininocalcit«>,    )      ., 

Rlu-lochrosiU..,     f  -«fen-»"«»''»«'! 

TyroliU',  ftV/f  arsenate  of  copper. 

Ca  C  al«i  forma  ilie  chief  ingrodiänt  of  cbalk,  limestone,  sutl  murL 
(/.  With  oxalic  arid  in 

WliewellitG  1. — Ca  S  +  tl,  in  amall  crystals  on  calcite. 
A.  With  imnwic  acid  in 

Bororalcit  (Ixchilite?)  1,  very  varying  in  composition;  the  Tuscan 
variety,— <Ü'a  B  +  4  II ;  the  South  Araorican  (of  lluycs,  now 
referred  to  niexitc  by  Dana),— Ca  ß*  +  6  fl,  also— Ca  ß*  +  10 
fl  (the  Inttfr  formula  afltr  dediiotiug  chloride  of  calcium  jind 
gypsum).  Acfurding  to  Salvi'tut  a  quite,  similar  nnufnil  from 
Peru  give«  a  vei^  different  proportiim  in  the  constitnenti. 

Howlite,— 3  Ca  Si  +  2  (Ca,  B*  +  fl)  +  W  B  ;  How. 

Hydroborocjilcite  1,— (^a  B'  +  Ca'  ü*)  +  10  fl,  referred  to  idei.^ 
by  Dana. 

Hydrohoracito  1,— (^V  1*  +  ifg'  B*)  +  18  fl; 

TTIfxitf,  vide  soda. 

Khodizite,  according  to  G.  Rose, — Ca  and  B. 
I.  With  arsenic  avid  in 

ITuidirigerite  1, — Cu'  Äs  +  4  Ü  ; 

I'lmrmarolite  1,— CV  As  +  C  It ; 

Picrophaimaoolite  1, — (Ca,  Slg)'  Xa  +  12  Ä,  excl.  Co; 

Berzeliitx;  1,— Ca'  Sß  +  (flg,  Jin)'  %&, 

k.  With  tu**gftic  acid  in 
Scheclite  1,—  Ca  ^,  with  fteqnently  Si,  a  little  F,  and  sometimes  % 
and  Sin.  _ 

i  With  antimonic  acid  iu 

Romeite  3,— Ca'^b  +Ca  Sb,  or  also  Ca  Sb,  with  a  little  ifn,  t^e,  and 

Bl 

m.  With  hyponiohic  acid*  in 
Pyroclilore  from  Miask,— Stb,  with  some  W  and  Ti,  combined  with 
Ca.  t,  Ce,  I'h,  a  little  fe  and  5lti ;  also  (Na,  K,  Li)  F; 
•  Vkk  now,  p.  SS". 
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Pyrochloiv  Trom  Brevig  is  said  to  be  free  from  Na  F,  but  conUihiB  C 
and  tl ;  it  has  no  V.     Pyrochlore  from  FredrikjsvOru  is  similar. 

Microlit«  from  Chcsifrficld,  Moss^ — Stb,  Vv'.  Ü,  V,  Cu,  H ;  according 
to  Brush  probably  a  pyrochlore  in  which  lantalic  acid  rpplacea 
the  cohimhic  (iiiobii*)  acid  ;  Dana. 

Azorit«  II  If  according  to  A.  A.  Uayt^B,  columbate  of  lime. 
n.  With  titanic  acid  in 

Perofgkitc  2,— Ca  fi,  with  a  little  Pe,  Sin,  Ag. 
0.  With  silicic  acid  in  a  large  number  uf  silicutea. 

n.  Anht/droiis  *t7(a(/e«»  yielding  uo  water,  or  only  traces,  wheu 

treated  in  the  matrass. 

WoUastonit«  II,  IG, — Oa  Si ;  frequently  some  ttg,  "^e,  and  ft ; 

GehlenitclI-III,  IG,— Il'Si  +  RSi;  ft  =  Ca,  Mg  ;  ß  =  Xl,  I^e; 

liimc — alumina  garnet  (grusanlarite,  csitünitt*,  cinnamon  stone,  suc- 
cinite) i,  Ü,— {Oa')'  Si*  +  Xr  Si',  in  which  eome  Ca  is  often  re- 
placed by  Sig,  Sin,  and  ftomu  Xl  by  Pe  ; 

Lime-iron  gurnet  (colopbonito,  melanite,  polyadelphite)  I,  2, — (^**)' 
Si'  +  Fe'  Si';  inch  a  little  J'tg,  Sin.  and  Ä1 ; 

Onvnntvite  (lime-chrome  gurnet)  III,  3,— (tt*)"  Si'  +  (Xl,  i3r)' 5i' ; 
li  =  Ca,  %,  t'e; 

VeauWanite  (idocnwe,  cyprine,  egt>ran)  I  A,  2, — 3  (ft')'  Si*  +  2  Ä' 
Si';  k=Ca,%Jfü;  ß  =  Xl.R.; 

Monticellite  (batrachilc)  II.  2,— Ca'  Si  +  Sig'  Si ;  incL  some  Fe  in 
place  of  Sf  g ; 

Pyroxene  minerals,  of  varying  fusibility. 

1.  Lime — Magnesia  Pyroxene,  including : 
Halacolite,        1 

Ditip?ide,  I 

WliitecoccoUte,  Vl-II,  2.— (Co,  Sfg)  Si ;  inch  Pe  and  iiu. 

Travcrsellite, 

Mmsite,  J 

2.  Lime — Iron  Pyroxene: 

Loumr^'*'  i  '  ^'  ^•-<'^«'  ^'^  ^'  •  *°"'-  *«  *"''  '*"■ 

3.  Lime — Magnesia— Iron  Pyroxene: 

Green,  from  Palecarlia,  I  A,  3,— (Ca,  Sig,  Fe)  Si,  inch  ftn ; 

Solilile,       I 

Baikalite,    I  I,  2,— (Ca,  Sig,  te)  Si 

Fankitc,     ) 

4.  Lime — Iron — Manganese — Zinc  Pyroxene  : 
Jeffersonite  I,  3,— (Cu,  Mg,  Fe,  ilu,  2a)  Si. 
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5.  Alnminons  Lime — Magncßift — Imn  Pyroxeoe: 

Ä    |l-".^.-(Ca,Xlg,t'e)(3i,Äl^). 

-E-ririte  1,  3,-ll'  Si'  +:^  Bi';  k  =  Ca,  Sim  Fe. 
Scapolite.    The  name  of  a  group  including  .** 

Panmthite,— ÄI  Si  -|-  Ca  Si, 

Wernerite,— Xr  Si'  +  3  ß  Si ;  ft  =  Ca,  Ka  (ß,  Sig),  f-  I-II  A.  1 

Ekeli.Tgitc',— a  'Ä1'  iSi'  +  3  ft'  Si*;  ft  =  Cm  iS'a  {K),  J 
Meionite  I  A,  1,— nearly  3  Cu'  Si  +  2  Xl'  Si* ;  Incl.  Ä,  ^'a,  or  Li,  ?e; 
Asinite  I  A,  3,— (ft*)'  Si'  +  2  R"  Si'  +  1  W  Si' ;  ft  =  Ca,  Sig ;  R  = 

Ä1,  ]^^  an ; 
Danburit*j  Ml,— Ca*  Si  +  B'  Si'; 

Babiiigtonitc  I  A,  3,-3  ft'  Si'  +  Fu  Si' ;  ft  =  Ca,  !?>,  Äu; 
Bursowite  11,  10,— Xl'  Si'  +  2  (Ca,  Xlg)  Si; 

laopyre  I,  2, — Si,  Xl.  Ee,  Ca,  Cu ;  

Epiclrttc  (biicklandite,  piiüclikiiiite,  pietncite),  fueihility  varying,  I  A; 

II  A,  II»  2.-3  ft'  "Si  +  2  Ä'  Si' ;  ft  =i  Ca  with  more  or  less  ttg. 

Pe,  or,  Mu  ■.  R  =Xl  witli  mon?  or  loss  J^  and  On;  

Zoisite  (thulit«)  I-II  A,  3,-3  cV  5i  +  2  Xl  Si'; 
Anorthite  11, 1,— Ca  Si  +  Xl  Si ; 
llvaltc  (lievrit:>)  I,  10.— ^e*  Si  +  3  tc'  Si  +  Ca'  Si; 
Hornblende,  certitin  varieties  containing  lime,  vide  magnesia; 
Meteorites,  vide  potusao. 

ii.  Silicafes  with  c<trbonate$  : 
Stroganov-ito,   )    „y,  „j,. 
Cancnuit«,       S 

y.  IJydroiin  ttiUctites  : 
Gyrolite  I  A,  1,— Ca'  Si'  +  3  fi; 
Okenito  I  A,  IG,— Ca  Si'  +  2  ll ; 
Xonnllite  III  ?,  1, — 4  Ca  Si  +  fi; 

Prehnite  (conpholite,  edclite)  I  A,  2,-3  Ca  Si  +  Xl  Si  +  ft; 
Sooletiitc  I  A,  iG.-- Xl  Si"  +  Ca  Si  +  3  £t  ; 
Diphtuiito  (murgariii.'),  1, — vide  alumina; 

Chonicrite  I  A,  1.— 7  (itg.  Ca,  S'e)  Si  +  2  {Slg,  Ca,  f'e)  Xl  +  6 
Lanmonlite  I  A,  IG,— Ca  Si  +  Xl  Si'  +  4  Ü ;  caporcianite  is  qnf 

similar,  but  contains  3  l"l ; 


•  Th«M  ronrnilna  mv  not  Riven  u  ex]>Rs«nnji;  the  exact  compwItJon  of  the  «capoKta 
nntlcr  aII  cin:um*iiincM,  bat  tmly  to  gi«  •  gcneiul  »kw  of  the  varictiM.  They  are 
hom  Nsatnann.— [Trutsl.) 


LIUI^ 
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[Palagonit«  I,  iCr,— 3  ft  Si  +  (Xl,  F^)'  Si'  +  10  Ö;  ft  =  (5)1,% 


(^'a.  K)] 


«: 


eume  varieiios  contain  more 
Leonhardite  T  A,  IG,— 4  ÄI  Si'  +  3  Oa  Si  +  U  Ö  ; 
Chalilite, — referred  to  thnmeonit«  l3y  Dana  ; 
ChlorastroUte  I-ll  A,  1  — (fV,  5Jii')»  Si'  +  2  (Xl,  Pe)'  5i'  +  6  Ö; 
Stilbite  I  A,  1,— Ä1  Si'  +  Ca  Si'  +  6  fi,  iucludiug  a  little  Jiu  and  Ä ; 
Heiilandite  I  A,  1, — Xl  5i'  +  Öa  Si'  +  5  ft;  cen'nit«  is  similar  in 
conipofiition  ; 
[Nenrolite  111,-2  Xl  Si*  +  Öa  Si'  +  3  ft. 

6,  Hyfiroua  siliaites  couiaining  aluviüia  aa  an  acid  : 
|Xanthopbyllile  III,  ä.— referred  to  seybtrtite  liy  Dana; 
[Seybertita  (clintonite)  III,  1, — in  Dana*ä  formula  just  cited,  U=  Ca, 
^£*  ^c»  Nanmunn  gives  5  ft  Si  +  6  It  ^L  making  ft  imeseen- 
tiaL 
f.  Hydrou»  siHcaies  containing  boracic  acui: 
Datolite  I  A,  IG,— Ca  Si'  f  Oh  B  +  ft,  or  Ca*  Si  +  B  Si  +  ft ; 
Botryolite  I  A,  IG,  like  datolite,  but  containing  twice  as  ranch  ft. 
^.  Silim/es  c«)ntaining  titanic  acid: 
iTitanite  (sphene,  grcenovite)  11  A,  2,— Ca  Si'  +  Ca  T\\  or  (Ca  +  ti) 

Si ;  incl.  a  little  t'c  and  Sin  ;  guarinite  is  tiuite  similar; 
iSchorlomite  II,  % — Fe  Si*  •¥%  Ca'  Ti;  iviarife  has  nearly  rbe  same 

composition ; 
[Keilhanite  (yttrotitanit^>  I  A,  1,-5  ft  (Si  Ti)  +  K  (Si*,  Ti') ;  ft  = 
Ca,!';  R  =  A],  Pe,  (»»,00). 
Lime  forms  au  essential  constituent  of  several  other  naturul  siU- 
[  c»to8.  besides  those  above  named,  and  these  have  l>i?en  for  the  most 
[pnrt  already  mentioned,  under  potassa,  pp.  120-12+,  and  bwla,  pp. 
|l27-131,  while  the  remainder  will  be  given    under  magnesia  and 
alumina. 

Calcite,  dolomite,  and  fluorite  being  of  very  frequent  occurrence 
in  ore-bearing  veins,  lime  often  forms  a  considerable  ingredient  in 
dressed  ores,  especially  when  stamped  dry.  and  consequently  also  in 
tbe  slags  rejjulting  from  smelting  the^e  ores  ;  the  amuunt  of  lime  in 
the  slags  is  aleo  frequently  increased  by  tbe  addition  of  calciferous 
fluxes,  necessary  for  smelting  many  ores.  These  slags  occasionally 
contain  Ca  S  and  Ca  F. 
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Sxaminatioo  for  titina» 


Inclmliug  the  blotrpipe  charncterisfica  of  enici/erous  mineraU^  thf 
consfHuefUs  of  which  ran  for  tkt  moH  part  be  diiscovtred  at  the 
$anie  iimfi, 

FLÜOBIOE   OF  CALCIUM   AXD   ITB  COMPOUKDS. 

o.  Fluorite  frequently  phospboreacfs  witli  a  violet  or  greeuish 
light,  and  gonerftUy  decrepitates  iu  iho  mutrHss.  Id  the  forceps  it 
fuses  to  a  bead,  and  after  lung  heating  colors  the  flame  intense  yrl- 
lowish-rcd,  p.  74.  On  plntiniim  foil  and  charcoal  fuses  with  fotla  to 
a  clear  m&äs,  which  is  upaquc  on  cooling,  tfitle  also  p.  88.  AVitli  gyp- 
sum, barite,  or  celwtit«,,  it  fuses  easily  on  coal  to  a  clear  bead,  upaqm* 
on  oooling. 

Disaolvea  very  easily  in  considerable  quantity  in  borax  and  S.  Ph., 
but  the  glass  becomes  opaque  when  supersaturated. 

Treated  in  the  open  tube  with  fused  S.  Ph.,  it  evolves  hydrofluoric 
acid,  vide  fluorine. 

b.  i'ltroofrUe,  vide  yttria. 

SULPHATES. 

a.  Anhydrite  yields  no  water,  nr  only  traces,  in  the  matraa^  while 
gypsum  yields  watt-rand  becomes  milk-white. 

B.  B.  both  behave  as  follows:  fuse  with  dilfloulty  to  an  enumel- 
white  bead  and  color  the  flame  red,  but  feebler  than  oeleetite.  Un 
cool  iji  K.  F.  yield  sulphide  of  calcium,  which  reacts  alkaline  on  red 
litmus  paper  and  evolves  a  hepatic  odor. 

In  borax  on  platinum  wire  dissolve  to  a  clear  glass,  oolorlcas  anli-aa 
oxide  of  iron  is  present,  when  the  hot  glaas  ap|>ears  yellow.  A  su- 
persaturated bead  is  opaque  on  cooling.  If  tested  with  borax  on  cool 
the  saturated  bead  bMJomes  yellow,  owing  less  to  a  little  iron  than  to 
the  funnatioQ  of  sulphide  of  sodiam.  Witli  eoda  on  cool  cannot  be 
fused  to  «  clear  mass;  distincliun  from  barite  and  celestite.  They 
an?  indeed  deoi>mi»t>s«i  but  the  lime  remains  as  an  Itifusiblo  moss, 
vbil**  tlie  sulphate  of  soda  and  the  e:ioe6S  of  eoda  sink  into  the- coal 

With  fluorite  tliey  flnw  to  a  clear  bead,  which  is  ennmel-whtte  on 
cooling  and  swells  up  and  becomes  infusible  on  c<)utiuuing  the  bloet. 

h.  Polyhnhtf,  containing  Oa  is,  Äg  S,  and  &  R  yields  water  and 
fbses  on  coal  to  an  opaque  red  bead,  which  in  the  R.  F.  l>eeome« 
white  and  forms  u  hollow  cniat.  with  a  salt  and  somewhat  hepatic 
taste.    Fused  on  plutinnm  wirv  a  U^fling  amount  of  Na  CI  can«ea  a 
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.Ao  that  the  potassu  caü  only  be  seen  lij  iidiiig  cobalt  glaäs 
Diuiiou,  vide  ixtta^so. 
lo  borax  (li£Ui4.>lve6  eaailv  wilU  I'fTervtidoencc  to  a  clear  boud,  suine- 
^■what  colored  with  iron,  whicli  is  opaque  when  very  much  is  added 
Iq  ri.  i'h.  disßiiivcä  easily  to  a  ck-ar,  colorlcsa  In-ad,  opaque  on  cooling, 

IwliieU  shuus  uo  irou  oulur  uuk'äö  a  givut  dtral  is  aUdt-d.  Willi  soda 
it  IB  dt'ComiHMc-d,  yielding  an  earthy  mii^i*,  which  in  the  R.  F.  is  yel- 
Juwiflh  from  ^a  S.  With  lliiuhu-  fusL's  to  au  u[>a((ne  bead. 
Lime  and  magnesia  can  only  be  sepm-ated  by  Itie  wet  way,  and 
mch  lesu-d  by  itaelf  with  thf;  blowpipu.  Tbc  mineral  in  disÄilved  in 
dilut«  hydrochloric  acid,  a  trifling  uniouiit  of  sesc^nioxide  of  iron 
precipitated  by  ammonia,  and  then  the  lime  precipitated  with 
oxalic  acid  and  tlie  magnesia  with  t^alt  of  pliotipburu8. 

c  Qtauberite,  contaiiting  besides  Oa  ^.  some  ^a  3,  which   \» 

Irtcugnized  by  the  eoda  Hanie.  vide  soda,  deurcpitatea  in  the  matraes 

Iwith  some  violence  and  yiehU  very  little  water;  at  incipient  rednessi 

it  fusee  to  a  clear  mjies,  yielding  nothing  volatile.     On  coal  become« 

%t  first  white,  then  fuses  to  a  clear  bead,  iipaque  nu  cooling.     In  the 

Ik.  R  the  head  Ih-comcs  infiieibli'and  liepatic.  and  after  blowing  longer 

Itbe  Ka  S  gix'fi  into  the  coal  and  leaves  the  lime  behind.     In  borax 

|Bjid  iS.  Pb.  dif&olreä  in  large  qnantity  with  eltervcscence  to  a  glasa 

rbich  is  opttque  on  Cfjoling.     It  is  decom|K>ete(l  with  soda  on  coal  to 

I»  hep.itic  ma&a,  which  sinks  in  and  leaves  the  lime.     W'ilb  Huorite 

fuse«  like  g^q^nm. 

d.  JJreeti/e  probably  reacts   like  a  calciferous  barile  with  Boda. 

'The  lime  can  be  detect^  with  certainty  by  digesting  a  little  of  the 

powdered  mineral  with  dilute  bydroehloric  acid,  adding  water,  biter- 

Hing  oat  the  residue  of  snlphate  of  baryta,  and  precipitating  the  lime 

i^with  oxalic  acid  after  making  the  fdtmte  amnioniacal. 

I 

■  In  the  matraüs  yields  water,  and  when  strongly  heated  nitrons 
^■kcid.  On  platinum  wire  gives  a.  shn>ngly  luminous  mass,  wbioh 
^■>o]on  the  fianie  yellowish -red-  Detlagrale^  gligbtly  on  coal,  leaving 
^Bl  white,  earthy,  alkaline  maäs,  which  does  not  sink  into  the  ooal 
™Vith  Boda. 


KITILATE  OP   LIHE. 


I^HOei'nATE  OP   LUJE   WITH   CDIXHttDE  AND    FLUORIPB   OF  CAIjCIOTI. 

Apti/iU  sometimes  phosphoresces  in  the  matrass.     {Eupjfrchroite 
Ifrom  Crown  Point,  N.  Y.»  *buwg  green  |ilut8i)hori'Bcencc.)     In  iJie 
I'jveps  fueea  with  dithcnliy  on  tl  e  edge  to  a  trauslacent  gla«s,  not 
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^•oloriiig  tbo  flume  dtstiuctly.  The  fine  powikr  moistened  with  sul- 
phuric Bcid  prtHJuct'S  a  Lraiisient  blui»h~gret;n  llantt;,  p.  76.  Tbe 
phosphoric  acid  caa  hIso  be  othervise  detected,  vide  phosphoric  acid. 
In  borax  dissolves  slowly  to  a  dear  glius,  frequently  yt*JIow  from 
iron  while  hot,  and  which  can  be  made;  opaque  by  flaming  with 
u  certain  deg^ree  of  siitumtion ;  wliuii  niurct  it  added  it  becomes 
opaqne  of  itself  on  cooling.  In  S.  Ph.  diäeolves  largely  to  a  clear 
gla$.s  which  whrn  nearly  saturated  become«  njiajino  and  show?  cn'!*- 
talliiie  fitoets  on  eooliu^;  theg'.' ai*e  less  distinot  than  ihuB*:^  prixlMfeil 
hy  phos}ibute  of  lead  in  this  salt,  A  fully  Raturated  glass  Ivccoiuei 
niilk-whit«  williout  showing  facvla.  With  equiU  [mrU  of  eodu  äwdU 
will)  efferveacenco  to  an  infusible  nniss,  nior«  soda  gfX'S  into  the  coal 
Atiy  niauganetie  present  can  Inr  detected  M'itli  »odn  and  nitre  oti 
lilatinum  foil,  vtdf  niaugaoese.  Chlorine  and  ftuoriue,  if  uot  in  too^ 
»mall  quantities,  are  fuund  by  tlie  tveU  j^'wcn  elsewhere. 

To  ascertain  furtlier  the  presence  of  lime  the  powdered  mineral  i^a 
di88olve<l  in  liydroehWiric  acid,  a  few  dn:)p8  of  sulphuric  are  added  -^ 
tlie  acid  solution  diluted  with  three  volumes  of  strong  ulcuhol.  ai>(3H 
shaken.     Snlphate  of  lime  separates  and   can  eoon  i»e  liltered  off   ; 
after  lieiug  washed  with  alcuhul  it  must  react  B.  U.  like  gyjisunm- 
After  removing  the  alcohol  by  evaporation,  other  ingrcdiente.  like 
alumina  and  oxide  of  iron,  can  be  tested  for.    (The  abuvc  Eolution 
cannot  first  Lk- treated  with  ammonia,  fur  the  lime  would  g>i  duwii 
as  phoijphate  again.)     To  test  the  apatite  for  magnesia  also,  it  must 
be  fused  in  powder  with  soda  and  silicic  acid,  as  will  be  given  undtt 
the  phoj^phoric  acid,  the  mass  treated  with   ^vater,  the  carbonates  uf 
the  earths  and  any  resitUial  silica  dissolved  in  hydrochloric  acid,  tht* 
Bolntion  diluti-d  with  water,  and  the  silicic  acid,  with  any  traces  of 
alumina  and  sesquiuxide  of  troU;,  precipitated  with  ammonia :  after 
which  the  Hme  is  thrown  down  with  oxalic  acid  »nd  the  magnesia 
with  Bait  of  phosphorus. 

Among  the  remaining  pbo.sphates  o^  Wm^^hydronpatiU,  pyrovla»Ue^ 
and  ^/«t/Aryw/iVe  yield  wuter ;  fltioriue  and  chlunne  can  only  l^  de- 
tected in  hydroapatite.    The  remaining  reactions  are  like  »patitei. 

CARB0KA1£3. 

a,  Oalcite.  Decrepii4ites  sometimeä  in  the  niatnisft,  and  when  con- 
taining metallic  oxides  changes  in  color.  In  the  fMreepa  is  infusible, 
becomes  canslic,  fet>hly  Inniinous,  and  colurs  the  flame  reel,  but  fnl 
more  feebly  than  strontianile.  When  afterward  moiBteued  with  h\- 
drochloiic  acid  it  gives  a  distinct  characteristic  lime  lliini>'.  Aflei 
thorough  ignition  it  has  an  alkaline  reacciou.     Dissolves  with  eifvi** 
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vesocuce  in  the  glaea  flaxes  and  rt'uotfl  liku  Umu;  if  it  contains  me- 
tttllic  oxidea  theyetm  he  ut  the  same  time  r^cogni^ed.aiid  then  triic^ 

,  of  oiangunesL'  niuät  Iw  8|)ociully  tested  fur,  fide  maiigautee.  With 
sodu  oi)  platinum  foil  (u&vn  lu  a  clear  muBB,  w  title  the  uieuUlic  oxides 
are  scfiarut<'d  ;  on  coal  fusfs  at  fir**t.  hut  Hf>**rward  most  of  the 
Sfida  äiukä  iü,  U-aviug  uu  infuaibl*^  residue,  which  is  lumiuons  under 

I  a  strong  hlaet    iSoiuetiinefl  a  sulphur  reaction  is  obtjiined  on  silver 

;  fuil,  p.  366. 

Ä.  Araffonile  crumbles  to  pieces  B.  It.;  otherwise  reacts  like  caU 

'  cite,  hut  when  containing  strontia  give«  a  more  inten»e  red  tlume, 
Aud  wliiri  cuntaintng  lead  does  not  give  a  pure  red  but  a  bluish 
flame,  while  with  Suda  on  cual  in  the  K.  F.  it  deposits  a  slight  lead 
cottt    This  is  tlitt  case  with  larmvicite. 

Cm  Gaif'Lxisxih  yields  water  ia  the  mati'af^  and  then  bus  an  alku- 
line  reaction,  lu  the  forceps  fuses  to  an  opaque  tjeud  and  givcit  a 
strong  soda  flame.  With  the  lluxes  and  äoila  reu^t^s  like  carbonate 
of  lime. 

d.  I'himtiocalciie  reacts  like  plumbitcrous  aragouitc,  but  gives  a 
stronger  lead  coat, 

tf.  Predtiziife,  ptncaiitey  Injdrodolomite,  dolomite,  and  all  com- 
jH>unds  of  curbonat*'«  of  lime  and  Mmgnf-.sia,  react  like  <*arlionute  of 
lime  without  maguesia,  except  that  with  suda  ou  platinum  fuil  they 

kdo  not  melt  to  a  clear  mass,  because  the  nuigucsia  is  s^iparated  and 
cau  thus  be  detected.     If  the  naclion  is  aotdiatinct  enough  the  wet 
way  must  be  employed,  vide  magnesia.    According  to  Vou  Zehmen 
lime  may  be  distinguished  üom  dolomite  thus:  the  doubtful  min- 
eral IB  i>owdered  a.s  lluely  us  ))Ossible,  placed   in  a  slight  hullow  on 
platinum  foil,  and  heated  over  the  epirit-Iamp  several  minutj?s,  until 
^it  glows  through  und  through.     Lime  forms  after  iguition  a  slightly 
Hoohercnt  mass,  which  is  not   entirely  broken    up  when   carefully 
■thrown  from  the  full ;  it  also  shows  a  leudeuey  to  adhere  to  the  foil 
Hand  can  only  be  sc-parated   by  gentle  concussion.     Dolomite  ptwder 
H^heu  ignited  is  not  coherent,  but  fulls  as  a  loose  puwder  from  the 
Vplatinum;  with  many  dolomites  thi.Te  is  a  lively  motion  during  the 
Hignition,  caused  by  the  rapid  evolution  of  carl>ou)c  acid. 
H     Oaealat$  of  Uffu,  whmv^tilet  h  oon  verted  into  carbonate  by  feeble 
tgnitioQ,  and  its  blowpipe  reactions  then  resemble  those  of  calcite. 


BO  HAT  ES. 


/torocaicit,  hydrubitrocnlcitv,  and  hi/droboracHe  yield  much  water, 

iud  fust.'  in  the  forceps  with  slight  iulumescenoe  to  a  clear  glass;  the 

lilrH  and  third  color  the  flame  pule  greenish,  the  second  reddish-yel- 
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low  ;  moiBten«!  with  sulphuric  ticiil,  all  three  produce  the  yellonriBb* 
green  boracic  acid  flame,  p.  75.  Dissolve  largely  in  socla  and  S.  Ph« 
to  a  clear  giiisa ;  aUo  ua  cual  with  a  little  sodsL 

Lime  aud  inagD(>Bia  can  only  b«  septupled  iu  the  wet  way^,  by  dia- 
Bolving  the  powdered  mineral  in  hjdrochiaric  acid,  diluting  the  acid 
solutiuD  with  wiiter,  uud  adding  soda  t-nough  to  combine  all  the 
boracic  acid  witli  itstlf,  so  that  no  borate  of  Diagueeia  may  be  thrown 
down  on  adding  ammonia.  The  solntton.  with  free  hydrochlorio 
acid,  is  then  treated  ^nth  ammonia  in  (txcvBi  and  the  lime  and 
magnesia  suceeäsively  pixcipitutt'd  with  oxalic  acid  and  salt  of  phoft- 
phuiHis. 

Rhfulitite  yields  no  water;  fuseu  only  on  the  edges,  coloriug  the 
flame  green.    The  lime  is  detected  as  above. 

AR8EKATE& 

a.  ffaidiuz/fritet  pharmacoliie,  and  picropharmacoHte  behave  aimi- 
larly.  In  the  matrass  yield  much  water,  especially  the  latter.  They 
also  hecomu  oj)aque,  and  if  a  fragment  is  afterward  trtated  in  the 
forceps  it  fnsc^  with  intumescence  to  a  white  eiiumt'l,  giving  a  light- 
blue  arstfuie  Üame.  On  coal  iu  the  B.  F.  fuse  to  a  scmi-tranqiarent 
liead,  Sttiuotimes  hlnish  from  cobalt,  and  evolve  an  ar«.niitiU  inlor. 
In  burax  and  S,  Ph.  like  lime,  hut  on  coal  the  arst^nic  iioid  rtnluces 
and  evolves  arsenical  fumes. 

Decompowd  with  soda  on  coal,  evolving  arsenical  fnni-'s.  wliil--  ihf 
soda  sinks  in  ami  leavt-s  the  lime.  If  the  residne  from  piciiipharma- 
colite  is  dissolved  in  hydmchlorio  acid,  the  sulntion  euiH'i-satnmted 
with  ammonia,  and  the  lime  precipitated  ^vith  oxalic  acid,  the  mag- 
nesia can  bo  detwited  with  salt  of  pbosiihorus. 

b.  Herzeliitt!  is  infusible  and  becomes  gray  (giving  probably  a  light- 
blue  Uanu*).  With  the  fluxes  Hke  the  above  minerals^  but  colurs  the 
borax  bead  distinctly  with  manganese.  To  detect  the  magnesia  the 
ornst  left  by  soda  on  coal  should  be  dissolved  in  hydrochloric  acitl, 
diluted  with  wutt-r.  and  the  limp,  magnesia,  and  manganest!  precipi- 
tated as  described  under  tlie  siliciiteg. 


TU508IATE  OF   U3CE. 

8ehs$lit«  ftises  on  the  edge  to  a  demi-tranapaKtit  g1«Mb  not  oolor- 
ing  the  flame.  In  borax  in  0.  F.  dissolve»  easily  to  a  olfar  glue, 
which  w.Kin  becomes  milk-white  and  crystalline,  and  cannot  be 
colored  in  the  It.  K..  ev<n  on  ftial  witli  tin.  Iu  S.  Ph. dissulvts  fOsiU 
iu  the  0.  F.  to  a  clear  bctul,  coloriess  only  when  quit«  fnx*  from  in>u. 
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Iwbieli  treated  in  the  ß.  F.  became»  blue  frum  tbe  formutiun  of  bin- 

[oxide  ou  cooling.     Vurieties  coutttüiing  iron  give  u  bntwnisli  glass  in 

Ithe  H.  h\  which  ouly  becomes  blue  wla-n  treated  with  tin  on  char- 

tcuttl.     Tested  with  i'nsed  S.  Ph.  in  the  upon  tube  gives  a  littlü  hydro- 

[flnoric  acid.     When  a  little  of  the  powdered  miiu'ral  is  fusi'd  with 

four  to  tivo  parts  of  sudu  iu  tla-  pluiinum  spoou  und  theu  diusulved 

in  hot  water,  tuiigstate  of  eod»  and  soda  dissolve,  leaviug  lime  nud  a 

little  seaqnioxide  of  iron  und  manganese,  which  may  be  testinl  H.  B. 

The  manner  of  separating  tht;  tiingsiic  acid  will  be  given   under 

Itangsten ;  as  well  as  anotlier  simple  method  of  detecting  tungstio 

cid  in  combination. 

Afifimortate  of  lime,  rmn^iie, — With  soda  on  coal  the  aucimonic 

[meid  is  reduced  imd  volatilizc-g,  fitmiing  a  white  coat,  while  the  lime 

as  and  the  L'xceäS  of  soda  üiiikä  iuto  the  coal 


HYPOSlonATHS. 

a.  Pijrorhhre  from  Miask  yields  ouly  Ira^a  of  wattr.  In  the 
forcfp«  infusible,  but  becomes  velluw,  and  gives  a  yellow  flume  mixed 
|with  much  red  (tjuda  and  Htliia).  Willi  bumx  iu  i\\*i  O.  F.  a  clear 
^laas,  rt'ddish-yellow  wlien  hot,  colorless  when  cold;  satunited  to  a 
Icertain  degree,  it  becomes  op^tue  and  reddisb-gray  bv  (lamiug;  with 
Ixnore  it  becomes  opaque  of  itself  ou  cooling,  and  is  velluwiÄh  to  red- 
Idish-gray.  Dissolves  easily  in  t^-  Pii.  in  tlie  O.  F.  to  »  t'h'ur  ydlow 
Iglaia,  which  in  the  R.  F.  becomes  dark  brown isli-ivd,  us  if  from  fer* 
Iriferons  titanic  iu:id  ;  with  tin  the  glass  bc-oomes  violet.  It  is  iheiv- 
Ifur«  free  fr^m  uranium.     No  manguuetic  reuotion  (mu  be  obtained. 

b-  Ptffochhre  from  Fre<Vriksrärn  .differs  somewhat  from  ihe  above. 
^According  to  Berzclius  it  bt-bavea  as  follows: 

Alone    it   liecomes   liglii  bru\s'ni»li'yi--llow,  remains   lustrous,  and 
fuses  wifh  great  ditticnity  to  a  l)lackish-hn)wn  sluggy  muss,     Dis- 
olrtd  by  boras  iu  the  0.  F.  to  a  reddish-yellow  clear  glas^  which 
L  easily  be  made  opaqu'^  by  flaming,  and  is  then  yellow;  with  more 
Ihe   bt-ad    hfcouies   uiM«|ue   of  itself  ou    cooling.     In    the    R.  F.  it 
Pbecomi'S  dark-red  and  can  be  Haroed  to  a  light  grayish-blue  enamel, 
fiometimes  wirb  ütreaka  of  pure  blue- 
In  S.  Ph.  it  diäsolveä  [)erft;ctly.  at  first,  with  souiu  effervescence  to  a 
ad,  which  in  the  O.  F.  is  yellow  while  hot,  hut  on  cooling  Hue 
pmss-green  faraninm).     Iu  the  K.  F.  this  grc«a  becomes  gradually 
lirtier  and  after  a    bt>rt  I'ulnction  a  diuk-rod   bead,  inclining  to 
iriolel.  is  ea^^tly  obtain.-u.  u^  from  ferriferous  titanic  actd. 
With  simIu  and  nitre  on  jilutiniun  foil  a  nianganei^  reaction. 
e,  Pyrochhrt  from  Brevig  probably  reacts  quite  like  the  priceding. 
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To  dfitt'Ct  lime  iu  pyrochlore  a  little  of  the  {lovrder  is  fas«!  wttbj 
to  eight  )>artä  of  histitphatc  of  potuäsa  in  the  platiuuni  spooQ,  p.  SOj 
the  fused  inasg  ^wnred  out,  pniverizüd,  aud  tru-uted  with  wattT,  when 
the  basic  coastitueuts  are  mostly  diötiolved  aud  the  h,vpouiohic  acid 
ivuuiius,  miiSf'd  with  part  of  thi-  tituuic  ucid  und  eouie  gypsum.    Sfta 
fiUfring  utiil  washing  tur  a  long  lime,  so  as  to  Bopurate  the  gy|>äUio 
from  the  ui-iUs  uumed,  u  few  drops  of  nitric  acid  are  a<ldt.>d  lo  thi 
filtrate,  which  U  heated  to  boiling,  and  theo  the  diswilved  titaiiic 
acid  gqmrales  ms  a  whit«?  (xiwder.     ATter   tilteriug  this  ofll  mldiiig 
SMiTie  hydrurhlurrt'  tund  and  then  ammunia,  und  again  ßltüriug  out 
the  preoipitatt^  earths  and  metallic  oxides,  the  time  can  he  thruru 
down  with  oxalic  ucid  and  tested  B.  B. 

In  deturmiuing  the  other  cuiiätitueul^  the  directions  must  Iw  fol- 
lowed  which  are  giien  imdor  yttria,  in  the  oaee  of  tanialates,  etc, 
that  must  ß^t  be  fused  with    hisulphate  of  potass& 

TJTAXATE  OP  U3IE. 

Perofskite.   According  to  G.  Uuse  it  behaves  u  follows: 

In  tlie  force}»  and  on  coal  infusible.  Dissolves  lurgtly  in  Ijonutu^ 
a  clear  greeuieh  glass,  colorless  when  cold.  In  ihu  K.  F.,  wlwfl 
slighlly  «iliinited  and  warm,  li^'lit.  yt-Ilowisli-grt'en,  on  cooling  cleaf 
us  watir;  mure  strongly  saturated  it  is  browu  on  uouliug. 

Willi  S.  Ph.  in  0.  F.  sanm  as  with  borax;  in  R.  F.  grayish -gre«ii 
but  i>L'eoniiag  more  or  less  viulel-blue,  according  to  the  amonnt  lii^ 
solved. 

To  dttecL  the  lime  the  mineral  is  treated  with  hisulphute  of  p*- 
buisa,  as  described  for  pyrochluj-e. 


SILICATES. 

The  silicates  ennmeruted  nnder  a.  8,  7,  and  J,  as  wlOI  as  the  col- 
cifeiMus  »ilicutes  befoit;  mentioned  under  putassa  and  sinla,  wli<ui 
varyiug  in  their  composition,  can  he  distinguislied  I'runi  one  anoLlirt 
by  the  blowpipe  and  with  reagi'nts;  the  jireBonce  of  lime  cuu  also 
frcC|Uoiitly  he  uscertaintd  from  the  blowpijK'  characteristics.  The  fol- 
lowing indicjilifins  are  lo  he  observed:  1.  Tiinicfuctionand  bnbbliug 
during  the  teal  fcir  fiiäihilily,  often  seen  iu  calcifcruus  8iliciile&.  y.  71. 
2.  Their  behavior  with  borax  and  ^.  Ph. ;  sin».'  most  of  these  diä- 
solve  easily  in  borax,  while  with  S.  Ph.  not  only  is  the  silicic  acid 
eepumled,  but  the  glu^s  also  generally  becomes  opuiosoent  on  cooling 
p.  83.     3,  Their  behavior  with  soda;  they  fuse  to  a  bead  with  not 
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too  much  soda;  with  more  they  sometimes  give  a  flaggy  muäSi  viae 

Utile,  p.  sa 

ITn  determiue  the  limt;  with  certuiuly  in  ailleatcs  not  perfectly  de- 
composed by  bjdrochluric  acid,  they  must  be  Ju^d,  accoi-ding  to 
p.  113,  with  soda  and  liomx,  and  if  neccssury.  silvur;  or,  i»  üurie  ü( 
slflgs  uüiilaiiiiug  many  uiütlllic  oxideti,  with  guld,  on  coal  tu  a  bead, 
which  is  pulverized  ami  treated  with  hydrot^hloric  acid  and  wuttT. 
Th(.>  solution  fiUcri.Hl  oö' ffum  the  silica  is  tvstfd,  ufti'i*  converting 
any  prutoxide  of  iron  int«  «.»julüxid«  by  a  few  drups  of  nitric  acid, 
firet  with  a  drop  of  ditnt«  suli>i)iinc  acid,  or  a  little  bisiilphate  of 
pLitaaoa,  fur  baryta,  and  tht'n  ammunia  is  udded  in  slight  excedä  tu 
pri-cipitateany  ulimiiua  and  &-s<inioxide  of  iron  and  chroniinm.  Tlie 
metliiiii  of  separating  alumina  from  tliti  otlier  two  oxides  will  be 
given  under  silicatea  of  alumina.  When  tungstic  acid  is  present,  as 
in  certuiti  tin  slags,  the  silica  must  be  tested  fur  i(,  ueourdiug  tu  tlif* 
dirvctious  given  for  silicates  under  tungsten.     The  lime  is  then  found 

I  ill  the  animouiacat  solution,  which  may  also  contain  magnesia  and 
protoxides  of  manganese  and  culialt,  in  rhe  [üHowiiig  way :    • 
Whtin  the  test^i  with  tluxeä  bavc  shown  nu  mairgane^e  or  cobidt, 
or  only  a  very  little,  the  lime  is  at  once  thruwn  down  with  oxalic 
•cid,  und  the  oxalate  after  settling  is  Hlt^ii-ed  out,  wuslied,  and  tested 
B.  B.  if  desired.     The  filtrate,  to  which  a  little  oxalic  acid  is  added 
*o  usuke  certain  that  all  lime  is  separated,  is  treated  with  Ü.  Pli.,  ilis- 
■olrcd  in  a  little  water,  which  pret-ipitates  magnesia  and  protoxide  of 
KOUingHDOse  as  phosphates  in  combinjition  with  amnioaia.     This  pix- 
H^^Pi^tu  is  washed  on  a  filter  with  culd  waU.T  cuntaining  a  little  car- 
H^>tate  of  ammonia,  and  tested  B.  B.    On  coal  it  fuses  to  a  bead, 
♦Uamel-white  imlcss  cobalt  is  present,  when  it  is  blue  or  violet,     Hy 
■Uaitig  iliig  jHjwiieR-d  bead  with  soda  and  nitre  on  platinmu  foil   the 

§*^«4;nce  of  any  manganese  is  sjwedily  ascertaiui-d,  vit/e  manganese. 
he  protoxide  of  manganese  becomes  more  highly  oxidrzod  and  com- 
iQea  with  the  alkalies  to  a  iliiid  mass,  which  can  be  driven  about 
'th  the  flame,  winle  the  magnesia  adheres  timily  to  the  foil  and 
M»  be  distinctly  seen.  The  cold  mass  is  bluish-givcu  if  manganese 
**  present,  bat  otherwise  white. 

If,  w-  is  rarely  the  case,  the  testa  with  the  glass  fluxfs  have  shown 
^uoh  manganese  or  cobalt,  and  it  is  desired  to  determine  the  pres- 
l*tiOe  of  magnesia  with  certainty  after  separating  the  lime,  this  must 
[  «sduue  as  fullows  :  To  the  amniouiacal  suliition  suuicient.  siilpuitle 
*'  atnmoDium  is  added  to  precipitate  the  iniinganeiio  and  uihulU 
'lucli  »re  tiltered  ofl"  and  washed  with  water  cuutaiuiug  a  little  sul- 
V^iileof  ammoninm.    The  precipitated  sulphides  may  be  i-oaaled  on 
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coalaiul  then  tested  vith  S.  Ph.  for  colmlt,  unci  with  swla  und  nitiv 
for  cn:uigui)i.':ft>.  The  filtrate,  not  t^io  niufh  diluted  with  wa^h-nuter, 
M  then  actditi^d  with  bvdrochloric  acid  und  heated  until  it  has  no 
otlor  t»f  fiJilphurettcd  hydrogen  and  appears  clear,  while  the*  separate«! 
aulpbur  ha«  ^irttled.  After  then  tiltering^ont  the  sulphur  ttud  adding 
au  «XI.Y6S  uf  amnionia,  the  lime  is  prtci^^i^tcd  with  oxalic  acid  and 
Ihi'  tna^väia  with  S.  Ph.* 

Tbt>  method  of  dccumposing  Silicates  containing  besides  lime, 
Tttfia«  ftircouia.  and  oxide  of  cerinm,  will  be  giveu  under  the  yttria 
«Uil  sircouia. 

Dai^liie  and  Au/ryoü/«»  containing  boracio  acid  as  a  base,  behare 
•iftdiov«: 

Itt  Uw  nutZBsa  yield  water.  In  the  forceps  swell  np  and  fnse 
niihvr  «ttsily  to  a  iJtenw,  clear,  generally  colorless  gloss;  coloring  the 
IImuw  '-  t''  i:reen  from  bonicic  aeid.    The  flame  heooni»*«  more 

(utoux  i  when    the  dehydrated  assay  is  moistened  Mith  i^iil- 

phurtc  «cid.  Dissolve  easily  in  borax  to  a  clear  glass,  sometimes 
»howiuft  a  very  little  iron.  Dissolve  iu  S.  Ph.,  leanng  a  silica  tkA- 
vtvu;  the  «trvMi^ly  saturated   glass  is  opaque   tu  eiianiel-white  on 

Tv  (K<|tai-ale  the  lime  fh>m  the  boracio  acid,  r4ie  i>owderi'd  silicates 
Wv  U^-v\>tuiM.vied  by  hydruchlorio  acid,  and  the  gcliitinons  sijic-a  Hi* 
WUhI  out  after  diliitimi  with  wafer, -when  the  solution  is  su|iers;ic- 
ur«Uxt  with  aiumonia  and  the  lime  precipitated  with  oxalic  acid 
tknd  testnl  H.  B.  Magnesia,  if  present,  would  be  thrown  down  as 
Utrnte  \*\\  adding  ammonia,  since  there  is  neither  soda  nor  potAssa 
tu  the  iKdutiou, 

Th«  silicate«  containing  titanic  acid  enumerated  under  ^,  tic, 
TY/rtüiVr.  ipiirtr»Mi7#,  sckorhiMiU,  »nd  ktilhauite  Iwhave  as  fMllnwg: 

7V/iiNtf«  in  the  mutrass  KimeLinus  yields  traces  uf  me<;lianically 
combinnl  water.  The  yellow  variety  is  unaltered,  the  brown  b*^ 
cum«*«  yellow,  and  acwnliiig  to  Bentelios  a  variety  frt)m  Frugard  iu 
Finland  »rlows  like  gadolinito,  but  far  more  fi-ehly.  In  the  foreepa  it 
(Uses  with  »ome  iutnnteseenee  on  the  edge  to  a  bliicki^h  ^la»8, 
without  coloring  the  flame.  Dissolves  easily  in  borax  to  a  eli*ur  yel- 
low i^liMt«.  DiMKiIves  with  difHculty  in  S.  Ph.,  the  nndissolved 
portiiMi  Itt'Ortming  milk-white.  On  ciwtl  with  tin  the  head  liftvimes 
pule  n'ddish-violet,  showing  titanic  acid,  and  the  glass  tlien  jrenenilly 
opalesces  on  cooling. 


*T1in  nhrtvp  oprrnilnn»  ^ouM  not  be  perfonncd  in  the  Ut)onitoi7,  %%  the  eHcapv  of 
»nlpliurrttn)  ImlrDgt-n  U  iinavuidnble. 
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Upon  fusing  a  little  of  the  powdered  mineral,  according  to  p.  llfl, 
frith  eight  parts  of  bieutpbato  of  potassa  in  tlie  platinum  äpoon,  and 
treating  the  fused  mass  at  a  temiwnuure  of  65"  to  75"  C.  with  u  sulfi- 
cieut  amount  of  wattr,  to  which  u  IVw  dmps  of  hydi-ochloric  acid 
hare  been  added  to  facilitate  ttiv  eolutiuu  of  the  sulphate  of  lime, 
thi«  and  the  tituriic  acid  diaMuUr.  h-iiving  thf  silica  behind.  Afti'r 
filtering  the  latter  out  and  wafihiu<j  it,  a  few  drops  uf  nil.rio  acid  are 
added  to  the  filtrate,  which  is  heated  to  boiling»  and  then,  if  the  so- 
lution is  dilute  enough,  the  titanic  acid  separates  and  can  be  ccUtfCled 
on  a  tilter  and  tested  H.  B.  The  filtrate  from  the  tilunic  acid  is  sjit- 
uraled  with  ammonia  to  j)ivcipttate  Bciiqnioxide  of  iron,  and  then  the 
lime  can  be  thrown  down  by  oxalic  acid. 

äSrfiotlomite.  In  the  forceps  fuses  with  difficulty  on  the  fdge;  the 
borav  l>eiid  i«  yellow  in  the  0.  F.,  green  in  the  IL  F.;  the  S.  Ph. 
bead,  with  tin  in  the  R.  F.,  becomes  violet    RammeUberg. 

JCeUhauite,  In  the  forceps  is  infusible  and  changes  little  or  not 
at  all  iu  color;  with  the  fluxes  like  tilauite,  but  shows  a  considerable 
amount  of  iron. 

The  wet  way  must  be  employed  to  detect  the  constituents  that 
cannot  be  recognized  with  the  blowpijw.  The  mineml  i»  fused  as 
directed  for  titanite  with  bisiilphate  of  potaaga,  etc^  and  after  scjia- 
nting  the  titanic  acid  from  the  solution,  ^,  Xl,  and  ^o  arc  thrown 
dowiif  leaving  ('a,  Sig,  and  iAn  in  .«olution.  The  latter  are  precipi- 
tated by  oxalic  acid  and  S.  Ph. ;  the  separation  of  V  from  £^e  and 
2l  will  be  given  under  yttria. 


8*  Maokesia,  iig. 
lis  occurrence  in  the  mineral  kingdom* 


^y      Magnesia  forms  a  more  or  less  essential   constituent  in  manj 
"   mineral  substances.      It  oocnrs  as  an  essential  constituent  in  the 

t  fallowing  minerals: 
a.  Ai/ree  magnesia  in 
Periclasite  1. — Wg.  but  containing  'P'e. 
i.  In  combination  with  witter  in 
Bmcite  (nemalite)  l,~Slg  fi.  sometimes  containing  0,  Si,  Ca,  iln, 

re; 
Pyroanrite  1,— ?e  Ü»  +  G  Xlg  fl  +  6  Ü. 

c.  Iu  combination  with  melallie  oxides  in 
ITagncsiufcrrite  1-2, — Mg  ße,  containing  also  Ca  and  insoluble  parts. 
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and  $In ;  as  weaker  base«  i£l,  l^e,  and  "Sin,     Tlie  F,  geiieratl/ 

from  2  to  2.5  per  ei*nt,,  probably  repluccä  some  oxygen  ;  tlie  P« 
80  trifling  that  it  can  be  neglecUnL    Antong  the  weaker  ba&4 

!äl  predominates,  and  %i  is  next;  Ha  and  Li  occar  onlv  in 
green  and  rtnl  varieties,  l^a  predominates  among  tlie  alltjiliei. 
The  amount  of  Ij  varies  from  seren  to  nine  por  pent,  in  most  of 
them.     Rammelsberg  distingtiislies  five  gronjie : 

A.  Yellow,  brown,  and  black  tonrmulinefs,  free  from  litbia. 

L  Magnesia  tourraaliue  I  A,  3,— ft'  Si  +  3  ß  5i  (B  In-ing 
inolnded  nnder  U) ; 

2.  Magnesia-iron  tonrmaline  I  A,  3, — ll'  f>i  4-  4  R  Si ; 

3.  Iron  tonrroaline  I-II  A.  3,-If  Si  ^^  tJ  K  Si ; 

B.  BJue,  green,   red,   and  colorless   tonrmalines,   contaimog 
lithia. 

4.  Iron-manganese  tourmaline  (blue  and  green)  11  A  and 
II-TIT,  3,— ft*  Si  -f-  «  Ä  Si ; 

5.  Manganese  tonrmaline  (red  and  colorless)  II-UI  A  and 
nr,  3,— ft'Si-f  lORSi. 

j9.  Hydrous  silieaUit. 
Villarsite  III,  \,~l  (SCg,  t'e)'  5i  +  fi  ;  incl.  5fn.  to.  and  (fe); 
Serpentine  (marmolite,  picrolite,  baltimorite,  williamsite,  bowenite) 

IT-III,  1-2—2  Äg  Si  +  Sig  iV,  incl.  Oa,  ffe,  Ä1,  and  aometimes 

Mn,  Or.  !^i,  and  bitumen  ; 
Thcrmoph^ilite  (serpentine)  ITT  A,  2; 
Oewevlit«  (gymnite)  II-III,  1— iSlg*  Si'  +  6  Ü  ;  incL  a  little  Ca,  Xl. 

Genthite  (nickel-gymnit«)  III,  1,— (Äg,  Ni)'  Si'  +  6  fl;  iucl.  some 

Ca,Pe; 
Penninite    (kämmererite,   rhodochrorae)    II-III  A,  % — Si,  ÄI,  fie, 

(ör).%Kä; 
Pyrosclerite  I-II,  10,-3  Sig'  Si  +  (Ä1,  Cr)  Si  +  4  H;  vermiciilite 

(with  ten  jwr  cent  t'e)  is  very  similar; 
Jefferisite  U  A,  1,-2  JÜg'  Si  +  (Ä1, 1^)'  Si'  +  ö  fl ;  excl.  Ca,  t'e,  (C; 
Peplolite,  composition  similar  to  fahlanite,  p.  läfl,  bnt  free  from 

alkalies ; 
Picranalcime,  same  comp,  as  anulcite,  p.  329,  but  with  ten  per  cent» 

fig  instead  of  the  ^'a; 
AphnKÜte,— Mg  Si  +  |  ll.  and  a  little  Uw.  fe,  and  Xl ; 
Picrosmine  III,— Sfg  Si  ^-  J  I'l,  with  a  little  J^n,  ^e,  JCl,  and  NH'j 
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Hibcrgite  n-III  A,— 3  ilg»  Si  +  2  Xl  Si  +  7  Ü ;  inel.  6ome 

P  Delessitc  11-111,  1,— Si,  ÄI.  Fc,  fe,  %,  (Ca).  Ü; 

Ripidulito  U-III,  I  (in  HS),  oompositiou  siniilar  to  leuchtenbergite; 
I'rochlorit*  II-IIl,— 4  (Sig.  J-V)'  5i  +  3  Xl  Si  +  9J  fl; 
Monnttlile  111, — (Stg,  tV)  Si  +  J  fl  ;  altered  pyroxene,  Duna; 

I Ifeolite,— chiefly  3  Jilg  Si  +  Ü,  but  containing  Al,  ^e,  Ca,  and  Sin  ; 
Sjimlaite  I,  lG,~Xlg'  Si' }  fi; 
i'iciv>phyll  III,— (Xlg,  ife)  Si  +  f  Ü,  and  a  little  Ca,  S(n,  X\ ; 
Schiller  »par  (haetite)  lI-III,  2,   nearly   ß  Si  -H  fl ;   &  =^  :(lg.  Ca, 
Pe  ;  also  sonie  Or,  Mn,  Al ; 

PScpiolite  (meerschaum)  ll-IIl,  1, — 51g*  Si* -f- 2  &,  and  generally  a 
trifling  »muunt  of  C'a,  M,  üe ; 
Saponite  (pioline)  I,  (in  flS),— varying  in  composition,  Si,  al,  ^ 

ÄIg.{Cü),Ü; 
Thalite  and  soupsUme,  pt.    Simihir  to  saiKniit«; 
H  Peeuduphitf  (penninite)  III.  'i  ; 

Hüiharii«  II-III,  III,— 2    [{Mg,  Ca)']*  Si*  +  Ä1'  Si' +  4  Ü;  eicß 
B         some  K ; 

Braiidiüitti  (diat^rrite),  a  variety  of  «.'vbertite,  vide  lime; 
^Pyrallolito  II,  3, — ilg  Si  +  4  fi ;  an  alteri-d  pyroxene  mingled  with 
H  ^g  ä,  and  containing  also  Oa,  Al,  fV,  Mn,  and  l)itumi.'n  ; 

Dennatine,  UI,  (Äfg,  f  e)  Si  -^  2  ft  ?  with  a  little-  Su.  Ä1,  Ca,  5ia,  S, 

and  C ;  ' 
I  Hydropliit*  (jenkinsibe)  Il-III,— IV  Si'  +  4  0,  eicl.  Sin,  Xl,  and  V; 
Spichloritf  I-II,  2,-3  It*  Si'  +  2  ft  Ä1  +  8  fi  ; 
andophilite,— 3  (%  fe)'  Si  +  Xl'  Si'  +  10  ft; 
olitf  from  Frankenstein,  Silesia,  III, — ii  ilg  Si  +  3  fi;  a  mineral 
from  Zöblitz  called  kerolilk,  contained  2.5  Xl; 
[  Jtylotiie  {Bergholi)  I,— I^e  Si  f  3  Sig  Si'  +  5  Ü ;  inch  some  Ca  and 
Al; 

I  Pn«eoIit«  (falJluniU.)  II-llI,   j.   varieties  of  fahluniU-,  rirfc  soda. 
Esmarkite        "  II,  i 

y.  Silieaii  VfWh  phifiiphate. 

Sordavalite  I.  2,— Si.  Al.  f  e,  (Pe  ?),  Äg,  P,  fi. 
i.  Sihcatc  xsWh  flit onde. 
frCniondnjditx>  (huniite)  III,  IG,— Sig'  Si'  with  «oxygen  replaced  by 
fluorine,  n  =  ^»j.  ^g.  ^,  and  5*^. 
Mngnt'si»  forms  an  essential  consiitueut  of  several  other  silicates, 
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'fiomc  of  vhicli  have  heon  gircn  under  the  alkalies  and  lime,  »nd  the 
others  will  lii^  iimmftl  tinder  aluminii. 

t.  Aluminate*, 
Spinel  III,  3,— Mg  i!,  with  aomctiraes  Si,  6a,  l^e,  Cr; 
Hydrotulcito  (völknerite)  III,  1,  diaregnrdiiig  the  C, — Sfg*  Si  +  12 

fl,  or  Jig-  Ä1  +  16  fi :  nana  gives  Ä1  fl'  +  ß  SCg  fl  -t-  0  fl ; 
Ceylonite  (ploonaste,  iruii-mugnt*sia  spinel)   UT.  3, — Sig  Xl  +  £'e  JD 

ill  viiryiiig  pn>jx)rLiiiiib  ; 
Hercyiiittf  III,  3, — t'e  ÄI  ( Hftna),  with  ä.fl  (««r  oenL  Äfg ; 
Chlorngpinfl  III,-:(fg  (X\,  IPi')  wiih  it  little  Ca  and  Cu; 
Auuuiinlite  [zinc  galmit«),  (   ^.^^  ^^^^ 

Kreittonitc  (sine-iron  gahnito),  \ 

As  minemls  containing  miignesia  sometimes  occnr  in  the  gnngw 
of  ores,  more  or  k-ss  magnesia  is  also  to  be  found  in  thc«e  ores, 
especially  when  stamped  dry,  and  in  the  slags  obtained  from  smelt- 
ing tliL'm. 

Examination  for  Magnssla. 

Including  the  bhicpifte  characterislicx  of  wagn€«ia  minerals,  the 
constituents  of  which  can^for  the  most  part)  be  ascertained  at  the 
same  time. 

VAGKESIA   AND   ITS  HYDRATE. 

Periclasiie  and  brucite  (netnalite),  the  latter  of  which  yielda  con- 
siderable water,  react  alkulitie  afti-r  strong  ignition,  and  behavf  with 
fluxes  and  cobalt  solution  like  niagneaia,  but  sometimes  color  th« 
glass  more  or  less  with  iron.  • 

Magnssioferrite  gives  a  strong  iron  reaction  with  fluxes,  and  its 
copi>er  is  detected  by  moistening  it  with  hydrochloric  acid  and  heat- 
ing it  in  the  0.  F.;  the  magnesia  can  only  be  found  iu  the  wet  way 
with  S.  Pb.  after  precipitating  the  iron  with  ammonia. 


CHLOBIDES   AXD   SULPHATES. 

a.  Tachydrite  yields  much  water  and  fuses  easily.  Magnesia  can 
only  be  found  in  the  wet  way  after  separating  the  lime,  according  to 
p.  155,  and  adding  S.  PIi.  The  chlorinf  onn  be  detected  by  menus 
of  a  bead  of  S.  Ph.  containing  oxide  of  copper,  vide  ciilurine. 

b.  Carnallite  yields  much  water  and  gives  a  strong  soda  flame. 
The  potAsea  can,  however,  be  easily  seen  by  using  cobalt  glass  or 
indigu  «olution,  vidn  potassa.  On  coal  in  the  H.  F.  with  sodft  a  mast 
is  obtained  which  reacts  for  sulphur  on  silver  foil.    With  a  bead  of 
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S.  Ph.  containing  oxide  of  copper  a.  chloriue  reaction.    The  presence 
of  the  Tariona  earths  can  only  be  shown  by  che  wet  way,  p.  155. 

«.  Kieseriie  and  epsomite  yield  in  the  niutrusti  water,  which,  after 
long  healing,  has  an  acid  reaction.  On  coal  lose  water  and  sul- 
phuric acid,  becoming  Inminous,  infnsible,  and  alkaline.  The  Na 
]  CI  in  kieeorite  cansea  a  reddish-yellow  flame.  They  behave  with 
soda  and  S.  Ph.  like  ma^Tiesin,  and  with  soda  on  coul  swell,  but  do 
not  fnse;  the  mass  moistened  with  water  evolves  a  hepatic  wior. 
With  cobalt  solution  they  become  i-ose-red. 

d  Bloedil«  when  heated  lose«  wjiter  rapidly;  at  a  red  heat  fnses 

quietly  to  a  transparent  globule,  white  on  cooling.  (Dnna.) 

j      The  artificial  ealt  behaves  similarly,  giving  s  soda  flume,  and  when 

'  £troDgly  heated  on  coat  it  boils,  spreads  out  somewhat,  and  leaves  tui 

infusible  mass,  yellow  from  sulphide  of  sodium,  while  most  of  the 

sulphate  of  soda  is  absorbed.    The  mass  gives  a  strong  sulphur  re- 

,  Action  on  silver. 

e.  Picheringife  and  bosjemaniU  fuse  in  the  matrass  with  their 

fwater  of  crystallization,    froth,  and  yield    water.      The  dry   »na«s 

strongly  heated  evolves  guiphnrous  acid.     Both  dissolve  jwrlectly  in 

I  borax  and  S.  Ph.,  and  bosjemanite  impart«  a  manganese  color,  espe- 

Iciiilly  to  borax.      The  ma;2negirt  can  only  he  certainly  detected  by 

'dissolving  a  litrle  of  the  mineral  in  water,  ncidifving  the  sohition 

with  hydrochloric  acid,  precipitating   alumina  with  ammonia,  and 

then  separating  the  manganese  from  the  ammoniacal  solution  with 

sulphide   of  ammonia,  after  which    the   magnesia  can  be  thrown 

down  by  S.  Ph.,  as  directed  nnder  lime,  p.  149. 


PHOSPHATES. 


H  Wagnerife  fuses  only  in  thin  splinters  with  great  diflicnlty.  with 
^formation  of  a  few  bubbles,  to  a  dark  greenish-gray  glairs.  Moist- 
ened with  snlphnric  acid,  it  momeuturily  imparts  a  pale  bluieh- 
grwn  tinge  of  phosphoric  acid  to  the  flame,  p.  76.  I)i8«)lves 
easily  in  soda  and  S.  Ph.  to  a  clear  glass,  slightly  yellow  from  inm. 
Fuec«  together  with  soda  with  eifervescenee,  but  is  not  dissolved; 
on  platinum  foil  a  weak  manganese  reaction.     Treated  in  an  ojwn 

»glass  tube  with  (used  S.  Ph.  it  yields  hydrofluoric  acid,  iriiie  fluorine. 
To  detect  the  magnesia  with  certainty  a  small  portion  of  the  very 
finely-powtlered  mineral  is  fused  with  abont  three  parts  of  a  mixture 
of  Boda  and  hydrate  of  pntassa  in  equal  quantities  in  the  platinum 
6{Kion,  and  then  treated  with  water  in  a  porcelain  vessel  over  the 
lamp.  Phosphate  of  soda  and  fH^tassa  dissolve,  with  any  silica 
present  and  the  excess  of  carbonate  of  soda,  while  the  magnesia 
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sad  a  little  spsquioxido  of  iron  ivniaiii  behind.  Tliese  are  wnglieJ 
on  u  filter  and  dißsolved  iijion  it  with  ii  litll*'  hydrochloric  acid  und 
the  solntioD  collected  in  a  test  tube,  m  which  the  iron  ja  prccipi- 
tnttid  with  uuimunitt,  and  then  any  lime  present  ia  thrnn-n  down 
with  uxalitj  auid,  at\er  wliicli  the  nmgneäia  cim  bo  sojiaratud  from 
the  ammotiiacal  solution  by  S.  Ph.  and  tcsivd  B.  B.  The  phos- 
phoric acid  can  also  be  found  in  the  Krut  tiltrate,  as  will  be  de- 
scribed uuder.  plioaphorie  acid. 

Lazuliie  in  the  matrass  yields  a  little  water  and  loses  ita  blue 
color.  B.  3.  swells  up,  cracks,  cruuibles  to  piccue^  aud  beconit-ä 
white,  but  does  not  fuse.  Tt  colors  the  flame  jiale  blnish-grepu, 
from  phosphoric  acid,  and  more  intengcly  when  moistened  witli 
sulphuric  acid.  Diesulves  in  bora:i  to  a  clear  glas«^  colored  yellow 
by  iron  while  hot  In  Ö.  Ph.  becomes  trnnsiian-ut  on  the  edges 
and  gradually  dissolves  to  a  clear  glase,  shuwing  iron  while  nunn. 
With  soda  on  coal  swells,  yielding  an  infusible  mas«,  and  with 
cobalt  solution  assumes  a  tiac  bine  color. 

The  magnesia  can  be  found  in  these  minerals,  which  also  euntain 
phosphate  uf  alllmilll^  by  fussing  (he  mim-ral  on  coal  with  euda  und 
silicic  acid  in  the  0.  F.  and  treating  the  fused  bead  as  will  be 
directed  under  phosphoric  acid.  On  treating  the  assay  with  uuter 
there  remains,  bei^ides  tb*-  niiigni-.sia  and  sc«]uioxidu  of  inn»,  sil- 
icate of  alumina  and  suda :  iifter  tlUoring  out  and  washing  this 
residue  it  is  dissolved  on  the  filter  in  hydrochloric  acid  and  then 
tJie  aliimina,  sesi^uioxide  of  iron,  and  silica  can  be  precipitated  with 
ammnnia,  any  Kmt;  i)resent  with  oxalic  acid,  and  the  magnesia  with 
S.  Ph.  The  precipitate  formed  by  the  ammonia  is  dissolved,  if_^J 
deeirable,  in  hydrochloric  acid,  evaporated  to  dryness,  the  niatfi^^| 
dissolved  again  in  water,  and  the  silica  filtered  out.  after  wliich  the 
alumina  and  iron  are  thmwn  down  together  by  ammonia  aud  sep- 
arated u'ith  a  solution  of  potasso,  as  will  be  directed  for  the  exami- 
nation of  silicates  under  alnmina. 

Ah  tlu^se  minerals  contain  trifling  amounts  of  silica  which  could 
not  be  found  at  the  same  time,  the  following  method  may  be  em- 
ployed: the  powdered  mineral  is  first  fnsed,  according  to  p.  US, 
with  suda  and  boras  on  coal,  and  the  moss  treatiit  with  hydro- 
chloric acid,  eta  The  solution  filtered  otF  from  tlie  silica  is  treated 
with  ait  excess  of  ammonia,  and  S.  Ph.  is  added  for  the  sake  of 
certainty,  so  that  all  the  buses  may  be  preci]uiate«l  in  combination 
with  phosphoric  acid.  The  resulting  precipitate  is  filtered  off, 
Washed,  dried,  fused  witii  soda  and  silica  on  coal»  tr^'ated  with  wnter, 
knd  the  residne  further  examined  as  has  already  been  direoted. 


MAOXESIA — CAHBOXATES— BORATE. 
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CARBONATES,    HTDROT73   AND  AhTlYDROUB. 

Magnesite  yields  very  little  or  no  water.  6.  B.  infusible^  bui 
ihrinks  sonicwlmt  and  acquiree  an  ulkaliue  re«ction. 

iItfJrtniuujM.siit:  and  hnenMente  yirld  WHter  in  the  tnatraas  and 
ihen  behave  like  roagnesite.  With  the  fluxes,  eoda,  and  cobalt 
loltiiioiif  Che  tliree  minerals  bohuve  like  ciirUmiite  of  miigucsiu. 
Vhen  some  $1^  \s  n-placed  by  f'e  or  J5ln  ua  in  Oreuneritf.  mettUitv^ 
tiftfonifinfut  süleifiplevitey  etc.,  the  flnsee  show  a  mangunese  or  iron 
'eactiuii  mid  thu  oobalt  sohitiun  tt'j^t  muii:l  fnijiumtly  bt*  given  np. 
Vhen,  luori-over,  a  part  of  the  magnesia  is  rcpUcuil  by  lime,  as  in 
olOfuUfi,  ank^riie,  predaxxUe,  penmlUf-,  ft t/dro/hhruUe^  etc,  the  bloflr- 
Hpe  rcactiuii  fur  magnesia  beoomcs  quite  nnc-erlaiii,  ami  the  net 
ray  niugt  l>u  brought,  to  aid  it.  A  little  of  the  [H>wdcr  is  diftsoived 
b  hydnHilllüric  acid,  which  it  does  eafiily  with  efltTVt'sct'nL'e  when 
rarniL>d,  the  iron  convtrted  into  perchUiride  by  boiling  with  a  ffW 
tops  of  nitric  acid  and  then  precipitated  with  ammuaia  in  exct'««, 
he  lime  separatt^d  witli  oxalic  acid,  and  the  niagiiejäia,  willi  ibe 
uently  small  quantity  of  protoxide  of  manganese,  thrown  down 
V  S.  Ph.,  Ü8  a  precipitate  which  can  be  tested  with  cobalt  solution. 

07. 

BORATE. 

Boracite  is  unaltered  in  the  mtitra^s  and  yields  no  water,  or  only 
cea.  B.  B.  fuses  with  intumußcence  to  a  neiirly  white,  crystalline 
ad,  and  gives  a  gi-een,  boracic  acid  flame.  Dissolves  easily  in  borax 
a  clear  glass,  yellow  with  iron  while  hot.  In  S.  Pli.  also  dit^olves 
lily,  but  tije  somewhat  satui-ated  gla^s  can  he  mude  u^Nique  by 
,niing»  and  when  supersaturated  becomes  oiiique  of  itself  on  cool- 
g.  It  combines  very  easily  with  sotia,  yielding  with  just  the 
ight  amount  a  clear  glass,  which  on  cooling  cryfJiuHi^es  with  facets 
ike  phosphate  of  lead.  With  more  suda  a  clear  gla««,  nut  f-rysTal- 
izablc,  and  which  may  1*  regarded  as  horax-gla&s  contaiutnjLj  nmg- 
kesia.  The  (xiwdered  mineral  heate<l  on  coal  with  uxidciif  copper 
[ives  a  momentary  flame  of  chloride  of  copper,  vide  chluriiie.  To 
ietect  the  niaguesia  and  establish  the  absence  of  other  earthy 
Äisea,  a  little  is  diswlved  in  hydnxjhloric  acid  and  further  treated 
^  for  ftororalcile,  etc.,  p.  151. 
StasJi/ur/Ue  reacts  like  borueite,  but  yields  a  little  water. 
Szaiiielyih  yields  water.  B.  B.  split«  open,  glows,  and  fusea  to  a 
le,  horu-like,  bruwnish-gray  mass,  coloring  the  flame  yellowish 
(Dana.) 
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BIUCATES. 

T)i«  Ix'liuvlor  uf  i\w  siliuuted  uader  a  and  d»  and  the  süicat^a 
Puntiuiilng  uiagut'sia  enumerated  nuder  potuesa,  eoda,  und  hthi«, 
ufuT  U'iug  teJitcd  tuf  to  fusibility'  atid  tlie  prL*t<vuce  ur  abiienct;  vf 
HuliT,  IB  iu  gcucml  us  fuilowä:  willi  borax  thi-y  di^^olvt^  mora  oi 
IvM  ctuiily  to  11  cleur  glims,  which  is  more  or  less  yellow  if  irm  i>' 
prL'iwut,  With  S.  Ph.  tb«.)*  dissolve,  luaviiig  a  bkclctou  of  the  ailicu; 
lliofic*  cuuluining  livtle  or  no  alnniinu  most  eiuUy;  ibe  glass  gen- 
eritlly  uimloH-v«  ou  cui^ling. 

They  ulao  behaTt-  dissiuiibirly  with  soda;  most  of  tlieiu,  bowerer. 
fiiao  with  ft  littUi  &oda  to  a  bead  and  give  a  sUg-tike  mass  witli 
moru;  viäe  ulnu  thu  tables,  p.  88. 

Coball  süluLion  produces  a  magnesia  reactiou  only  with  silicawi 
pontuiiuiiff  I'uw  or  no  coloring  meulliL'  oxide^  uud  atiH>  nut  Uto 
niucli  itUiniina,  Kiiioe,  s.  y^  a  notable  uniimitt  of  ««■squJoxide  uf  iron 
entirely  cunwuls  I  be  i-ed  color  asäumed  by  niu^nie^ia  with  cubalc 
•oluLion,  whilo  if  tho  siticuto  coutuius  much  Hlumina  without  c^lor- 
iliK  o\id(is.  tbo  Sithilion  pnMluces  mtlier  a  blue  than  a  ivd  oolort 
atthoDgh  whon  tlio  amount  of  alumina  i«  not  Tf>ry  gr^'at  this  apjM 
tu'arly  violet,  ftvui  the  blue  uf  the  alumina  with  the  rüä<r>red  (tf 
tUK4;ne«]a. 

Wlion  thp  magnesia  cannot  be  dftect4>d  with  the  blovpipe.  fiihcat 
»•I  wt>ll  as  dressed  ore«  and  «lags  must  be  examined  for  it  by  ' 
method  sptroially  described  ntider  lime,  p.  154^ 


atucATKS  wtm  puosphatss. 

yieMs  w«ti*r  and  fbses  quietly  to  a  black  bead  to  the 
fbrfvps  «tr  Ott  coal  (Berseliaj..) 

PissolTf«  «*sily  m  bom   to  a  ghse  colored  yellow  with 
(gfv«n.  l>*na>,  with  i^  Ph.  decoiapü««i,  leaving  a  silica  skeleton. 

Th«  mi^«iia  is  fonkd  by  t^ng  tb«  mit»ct«l  «ith  some  s^a  oa 
ix<«l  m  Ol  K.  Io  »  br«d.  whiefa  is  fNklvtfised  aad  tnsted  with  wutei. 
$ikkttt«  and  pbo#|>hai«  «f  soda  diäMlv*  and  thr  bases  remain  with 
»MM  «iNcsk  Aller  dknlviac  lihia  naidve  in  hydixychloric  acid»  mad 
«faMliikg  in»  «Md  aliUMn»  vith  frais,  tb« 
c«|iMMlvilh&ink. 

ClliwlNsM»  SPWitiMwi  yitMs  Kfatf«s  «f  «Mer  ami  tarns  blaak 
(<\  Ar>NM  V«M«iiai  m  <wiiiimii  i«  tW  mi^tm\,  Imi  m  ibe  opea 
ione  «tgai»  hrcwNM«  «^iA^  4e«*  ««t  fiasco  a»d  wW*  ttee  ttmtm  in» 
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lines  a  milk-white  appearance.  In  an  open  tube  yields  &  very 
LCt  fluorine  reacttou,  butb  uione  utfd  with  fused  S.  Ph.,  vide 
fluorine.  DieeoLves  slowly  in  borax  to  a  clear  glaes,  somutiine« 
colored  witli  iron,  which  cun  be  mnde  opaque  bv  Ihuniug  wlien. 
strongly  saturat^d^  and  theu  appearä  more  or  k'ds  cryäUUiue. 
Decomposed  by  S.  Ph»,  leariug  a  silica  skeleton  ;  the  gla^s  opulesoea 
OD  cooling.  With  a  little  soda  forms  a  difficultly  fusible  gray  slag; 
with  more  swelU  and  becomes  infusible. 

When  free  from  iron  gives  a  pale  rose  color  with  cobalt  solution ; 
when  containing  iron  a  grayish-brown  color.  In  the  latter  cjiSf  the 
magnesia  can  only  be  determined  with  certainty  by  the  aid  of  ih« 
wet  way,  p.  155. 

AXUHUTATES. 

0.  Spinel  alone  is  unaltered.  The  red  variety  from  Ceylon  be- 
comes bliUik  and  opaque  in  the  forceps,  but  in  cooling  becomes 
transluceut  and  cbrume-green,  then  nearly'  colorless,  and  Uualty  red 
again.  Dissolved  slowly  by  borax,  even  in  powder,  to  a  clear,  ft^bly 
yellowish -green  glass.  In  powder  is  dissolved  rather  easily  by  S.  Ph. 
to  a  clear  glass,  reddish  while  warm,  but  when  cold  feebly,  though 
distinctly,  chrome-green.  With  soda  and  nitre  on  platinum  foil 
shows  traces  of  manganese.  The  fine  powder  assumes  a  blue  color 
with  cubalt  solution. 

The  magnesia  can  only  be  detected  with  certainty  by  fusing  the 
very  fine  powder  with  two  volumes  of  soda  and  three  of  borax  on 
coal  to  a  bead,  which  is  pulverized  and  treated  with  hydroctilorio 
acid,  etc.,  p.  113. 

b.  Hydrotalcite  {vOlkneriie)  in  the  closed  tube  yields  much  water. 
B.  B.  infusibli^,  bnt  exfoliates  somewbut,  and  gives  out  light  A 
weak  nise-red  with  cooalt  solution.  With  the  Iluxea  intumescea 
and  gives  a  clear,  colorless  glass.  The  Snarum  mineral  reacts  for 
iron.  (Dana.) 

ft  Ceyionit«,  hercynite.  Change  color  when  heated,  but  are 
infusible.  Dissolve  in  borax  and  S.  Ph.  to  a  clear  glass,  colored  by 
iron.    The  magnesia  can  only  be  found  as  with  spinel 

d.  Cldoro^pinel  behaves  like  ceylonite,  but  a  copper  reaction  is 
obtained  by  means  of  S.  Ph.  with  tin  on  charcoal. 

By  fusing  the  powdered  mineral  on  coal  in  the  li.  F.  with  soda 
»nd  tH>rax  beside  a  silver  button,  until  all  the  copper  is  reduced  and 
uuited  with  the  silver  and  the  bead  is  quite  transparent,  the  magnesia 
can  be  very  easily  found  as  ilirected  for  spinel. 
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9.  Aluuixa,  XL 
lis  occurrence  in  the  mineral  kingdom. 

Alumina  occurs  very  extensively : 

a.  As  aluminium  mthßuorine  Viüdßuoride  of  sodium  in 
Cryolite  and  chiolite,  vide  soda; 

Prosopite,— Si  F,  Al'  F\  ^1,  Ca  F,  Ca,  fi  ; 
Fluellite,  according  to  Wollastou,  Al  and  F. 

b.  In  a.  free  state  as 

Coimndum  3, — Ä1.  It  is  subdivided  into:  a.  Sapphire,  incl.  ruby 
and  the  other  purer,  precious  varieties ;  0.  Corundum,  includ- 
ing the  dark  or  dull,  not  transparent  varieties ;  7.  Emery,  inel 
granular  corundum.  These  varieties  contain  more  or  less  2e, 
Ca,  Si. 
c  Combined  witl»  water  of  hydration  in 

Biaspore  1-2, — X\  ll,  frequently  containing  some  £!e,  Ca,  aud  Si; 

Gibbsite  (hydrargillite)  1, — Xl  fl';  that  from  the  Ural  contains  a 

little  P ; 
Beauxite,— (Ä1,  Fe)  fl*; 
Plumbogunimitf,  vide  lead. 
d.  With  sulphuric  acid  in 
Felsobanyite  1,— Ä1'  S  +  10  Ö  ; 
Alumiuu, — Xi  is" ; 

Aluminite  1. — 'Ä\  S  +  9  Ü,  sometimes  with  a  little  Pe,  Ca,  and  Si; 
Alnuogen.— Ä1  t>'  +  18  ll,  usually  containing  trifling  quantities  ol 

^,  C'a,  iVIg,  Mn.  and  sometimes  !^,  Na,  and  Si; 
Paralnminite,— Ar  3  +  15  Ü;  • 

Alunitu,    J 

Lüwi«,ntt',  >  vide  \wt&s8& ; 
Kalinite,   ) 
Mi-ndozito,  vide  wnla ; 

TKcIiormipti',  riV/f  ammonia;  1 

PickiTin^rite,  ride  magnesia ; 
Hdsjenianite    *'  " 

Halolrii'hite.    ) 
Pis«ophanite.    (    '■'"''«  >™°; 
SvanlKT^fite,  ride  soda. 
■     e.   Witli  phosphoric  acid  in 

TurtpioiH  1,-Ä]M'*  +  5  It; 
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Peganite  1,— il'  P  +  6  Ü,  mixed  with  phosphate  of  Fe  (and  Cu  ?); 

Fischerite  1  (in  sulphuric  acid),— il'  P  +  8  fi,  likewise  containing 

Ca,  Fe,  and  Ca  P; 

Evansite  I,— Si'  P  +  Xl  fi'  +  15  fi ; 
Amblygonite,  vide  lithia; 
Lazulite,  vide  lime ; 

Wavellite  1, — AI'  P'  +  12  fi,  sometimes  containing  a  small  amount 
of  Fe  and  F; 

Berlinite  2-3,~-äl  P  +  ^  fi; 

Callainite,-Äl  P  +  5  fi  ; 

Barrandite  I,— (Fe,  Xl)  P  +  4  Ö; 

Trolleite  2-3,— Ä1  P  +  |  Ä1  fl' ; 

Cirrolite  1,— ÄI*  P  +  2  Ca*  P  +  3  fi ; 

i. 

Augelite  2-3,-JÜ'  P  +  3  fi ; 

Striegisan,  a  variety  of  wavellite,  contains  a  notable  amount  of  Si, 
Ca,  and  Fe ; 

Variscite,— P,  3J,  or,  Fe,  Cu,  Jig,  "ä,  and  NH'j 
CacoTenite, 


CacoTenite,    )      .,   . 

null       V      f  *^'"  iron; 

Childremte,   |  * 


Sphaerite,^Xl'  P'  +  16  A. 

/.  With  meUitic  acid  in 
Mellite,— Ä1  M'  +  15  Ü. 
g.  With  silicic  add  in  many  silicates. 

a.  Anhydrotts  silicates,  yielding  in  the  matrass  no  water,  or 
only  a  little,  which  is  not  to  be  regarded  as  essential. 
Cyanite  III,  3, — Xl  Si,  sometimes  containing  Fe,  Ca,  ilg,  Cu,  and 

H; 
Andalusite  (chiastolite)  III,  3, — äl  Si,  frequently  containing  li,  Ca, 

JIg,  Fe,  Jin,  and  ä ; 
Fibrolite  (sillimanite,  bamlite,  xenolite,  bucholzite,  monrolite)  III, 

3, — Ä1  Si,  with  a  little  Fe,  JSfgj  in  bucholzite  £ ;  in  bamlite  Ca 

and  a  trace  of  F; 
Staurolite  III,  3  ;  composition  varying  greatly.     According  to  Ram- 

melaberg  the  iron  is  present  almost  entirely  as  I'e ;  a  general 

formula  may  be  II  +  2 Ä  +  «  Si ;  It  =  Jf'e,  Slg,  (iln,  2n) ;  K  = 

Xl,  Fe,  (^y^n);  some  fl  always  present,  according  to  Lechartier. 
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WichiisiU',  )      -J  1- 

Lepolite  (Hnorthite),    ] 
Euclase,  tnde  gtucina ; 
Beryl  (emerald),  vide  glucina; 
Pmnicts  - )      .J       , 
Baulite,    [  ""''Voi^i 

Feldspar,  vide  jKitossa  and  soda ; 

l*ourmaliiic.  vide  lime. 

ß.  Hydrous  silicates. 

Worthite  III,  3;  a  hydrous,  probably  altered  form  of  fibrolite,  with 
4.6  iwT  cent  water  and  a  little  ^g ; 

Collyrite  III,  1,— ÄP  Si  +  9  Ü  ; 

Myelin  III ;  according  to  Breithaupt  2  £l  Si  +  ^  but  according  to 
Kersteii  Al  Si ; 

Dillnite.-^l*  Si'  +  9  Ö  ; 

Älilosclüte  III,  a,— (Ä1,  or)  5i  +  3  fi,  with  a  little  Ca  and  Ug ; 

AVolchoiiskoite  (rictier  in  <?r  than  the  above),  vide  chromium  ; 

Cliloritoid  III.  3  (sismondine,  musonite  II),— (Fe  SCg)'  Si  +  X\*  Si* 
+  4«: 

Sjimoito  III,  IG,— AI'  5i'  +  10  Ö ;  excl.  a  little  %,  Ca  C; 

Pholmtelll.— ÄrSi'  +  4Ü; 

Margiuito  Il-III.— AI*  Si  +  Oa  Si  +  Ü  ;  incL  some  Sfg,  K,  lia,  ß,-; 

Iliilloysito  (glagerito)  III.  1.— Ä1  Si*  +  3  Ü  ; 

t>ohröttorito  III.  1. — Xl'  Si'  +  30  Ü,  contains  some  Pe,  Ca,  Cu,  and 
S  (|x^rh»ps  :i$  an  admixture) ; 

GilWTiito.— Si.  Xl.  tV.  Ca,  Sig.  ft  ; 

Allophiuio  III.  l(i, — X\  Si  4-  6  ft,  or  äl  Si  +  5  ft,  frequently  mixed 
with  K»\  tV.  Va,  Sig.  On,  C; 

AuauxKo  ll-lll.— jii.  Xl.  Pi',  %.  ft; 

Kaolin  111.  x\  consisting  oiist'niially  of  Si.  Xl,  and  ft  in  varying 
pro|H>riion!!.  usually  nearly  Al  Si*  +  'i  ft,  and  containing  gener- 
ally inoa'  or  less  trifling  amounts  of  Öa  C,  Slg  C,  Ee  ft,  and 
alkalios.  uii:  woU  as  the  rvsiduos  of  decomposed  aluminous  sili- 
cates ; 

Oha»nu'  Ocluv  tVv>iu  Halle.  II-III,  *2-3,— Xl  Si'  +  2  0,  incL  Ee,  Cr, 
and  a  little  R  and  5>'a; 

l.itlu>!n;iriji\  vhif  ft«>ta.«a : 

As|visiolitc.     Si.  Al.  tV.  Xlj.  ft;  altered  iolit«; 

Zeuxitc  11..   St.  Xl.  Ve.  Ca   ft  ^vrhaps  B),  Buk»; 

Kllauit.'I   U.    N.  Ä*l.  Fo,  Oa.  ft: 
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Kakrit  (kaoUnite?),— Si,  X],  Co,  iSfg,  1:\  äu,  iu  variublu  ]iru(Mjr- 

tions,  with  more  or  less  Ü ; 
EpIiesiUf  (probably  reUtod  to  margarite)  III, — Si,  Xl,  Ca,  !•>,  5(ii,  Ü ; 
PjTuphjrllite  III  A,  3, — ^1  Si*  +  0,  CüntainiDg  a  little  Ög  aud  Ca; 
Carpholite  I-II  A.  3,— {Xl,  Uu  Ve)*  Si'  +  3  it  with  a  little  F; 
KazoumoQskin, — Xl  Si'  +  3  i*!,  with  a  Uttlo  Ca,  Mgj  and  I'e ; 
Otlreiit*  II-IU,  3,-3  Ä  Si  +  Ar  Si*  +  3  f[ ;  ß  =  l?e,  An ; 
PhjUite  is  nearly  related  to  ottivlite  ; 

Cimolite  III,  3, — XV  Hi'  f-  6  £[,  sometimes  coutttiniiig  ^  oiid  K  ; 
Terattilite  {EmnsUinmarh)\    ueorly  2  S  Si'  +  fi  ä,  R  =  üil,  ^ 

(ä«); 
Smectite  (fülle«'  earth,  pt,)  II.— lÖi,  Äl,  ^,  (ilg,  Ca),  Ü; 
Bole  III,  1-2, — 5i,  Xl,  ^,  It,  in  variable  proportion«,  sometiraes  also 

containing  ß  and  Xa  CI;  iKThapg  in  \vikri  haUoysiie ;  Dana. 
Moutmorillonite  III,  2, — nearly  Xl  Si'  +  8  Ö ;  excl  some  Ca,  (K, 

«fa),£e; 
Pliuthite  III,--(Xl,  IV)'  Si'  +  6  fl,  l-xcI  Ca; 

Tffseife  (bole,  oropion), — Si,  Al,  B:',  Oa,  Slg,  3fln,  ^,  sonK*ti«K*i 

also  F,  humic  acid,  carbonaceous  matters,  and  bitumen ; 
Euphyllite,— Si,  Xl,  Ca.  5Ig,  Sa.  R,  Ü  ; 
Sloanite  I  A?  1G,-Si,  Xl,  Cm  M^^  (Sla,  R),  ft; 
Aphrosiderite  II-III,  1, — 2  !•>,  Si  +  iV  Xl  +  2  Ü;  sometimes  some 

^e  replaced  by  fig ; 
Malthacite  (sniecüte)  111.— Si,  Xl,  B!e,  Ca,  fi. 

y.  Cyilicates  with  fluorides. 
Topaz  (pyrophyaalite,  pycnite)  III,  ^,— fi  Xl  Si  +  (Al'  F'  +  Si  F") ; 

aornntinieft  cniitaining  traces  of  Iße. 
Besidce  tlie  silicates  above  given  tbi-ro  arc  several  similar  com* 
pounds  in  which  alumina  mnst  be  considered  aa  an  essential  part; 
these  have  been  in  part  already  mentioned  under  putas&i,  soda,  lilhiu, 
baryta,  lime,  und  magnesia,  while  the  remainder  will  be  enumerated 
onder  the  other  earths  and  the  metaU,  the  oxides  ol'  which  are  in 
oommon  with  alumina  combined  with  silictu 

A.  Cumpuuuds  iu  which  alumina  occurs  as  an  acid: 
Spinel,  ■] 

Vülknerite, 

Hydrotalcite,  J.  pic^«  magncsm ; 

Ceylonite  (pleonaale), 
Chluru£ipiuel, 
Chrysobery],  vide  glucina; 
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Gahnite,         )    „,-rf,  ,i„^. 
Kreittouite,  ) 

Since  most  of  the  rocks  in  which  ore-bearing  veins  occur  contain 
more  or  less  alumina,  and  since  in  extracting  the  ores  it  is  seldom 
|K)8sible  perfectly  to  separate  the  adherent  rock  and  the  alumina- 
hearing  minemls  occurring  iu  the  vein  itself,  it  follows  that  alumina 
frequently  forms  a  notable  constituent  of  ores  dressed  in  the  dry 
way  and  also  in  the  slags  produced  in  smelting  them. 

Bxunination  for  Alrnnffmi 

Including  the  blowpipe  characteristics  of  alumina-hearing  mitierals, 
the  constituents  of  which  can  for  the  most  part  be  a»certained  at  tlte 
same  time. 

FLUORIDE   OF   SODIUM    WITH    FLUORIDE    OF    ALUMINIUM. 

a.  Cryolite  sometimes  decrepitates  in  the  matrass. 

In  tlie  oi>en  tube,  heatetl  so  that  the  flame  enters  the  tube,  much 
hydroiluoric  acid  is  evolved,  which  attacks  the  glass,  while  the  con- 
densed water  in  the  tube  reacts  acid  with  Brazil-wood  paper.  B.  B. 
fuses  very  easily,  yielding  part  of  its  fluorine  and  giving  a  strong 
soda  flame.  On  coal  fuses  very  easily  to  a  clear  bead,  opaque  on 
cooling.  After  blowing  longer  the  bead  spreads,  the  fluoride  of 
pt>dium  goes  into  tlie  coal,  and  a  sufl*ocating  odor  of  hydntfliioric  acid 
is  i)erce]>tihK'.  while  a  crust  of  alnmiua  remains,  whiuii  assumes  a 
blue  color  with  cobalt  solution. 

Dit'solves  largely  and  easily  in  borax  and  S.  Ph.  to  a  clear  glass, 
milk-whito  on  cooling.  FusA  with  soda  to  a  clear  glass,  w^liich  on 
cooling  spr^'ads  out  and  Ix^comes  milk-white. 

b.  ( 'hiolife  yields  no  water,  fuses  very  easily,  and  behaves  otherwise 
like  cryolite. 

ALUMINA. 

iWiiNtlum  iitone  is  (|uite  unaltered.  In  boras  dissolves  with  diflS* 
ouliy.  luit  pert'eetly.  to  a  clear  glass,  colorless  if  no  iron  is  present 
Willi  S.  IMi.  dissolves  only  in  jHiwder.  and  slowly,  to  a  clear  glass, 
and  is  ni>t  attacked  by  smla.  The  very  flnely-powdered  mineral 
a!i>uuU'S  ;i  tine  bhie  e<>lor  uiih  oolnUt  s<.dutiou. 

When  it  is  tl(i.ii>'d  to  examine  it  for  Si.  I!e,  Oa,  etc,  it  should  be 
tiiii'ly  |uit\eri/i'd  in  iho  steel  mortar,  to  avoid  any  Si  from  the  agate 
mortar.  I'iimhI  tm  cluireoal  with  Stnla  and  Kirax,  and  further  treated 
with  hvdiMchloric  acid,  as  ditvctinl  on  p.  I  l*i.    According  to  H.  R<»e, 
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on  fu&ion  with  bisnlphatu  uf  potaasa  it  rendily  yields  a  miisa  soluble 
iu  wutur. 

I  BTDBATE  OF   AU  dfSA. 

tu  Diospore  yields  a  little  water  at  first  atd  more  wlieii  lu'at»?d  to 

flowing.     It  deci-epitntf-s   little,  or  not.  at  »11;    Berzeliiis,    however, 

jexumined  u  dia(Ji>ore  from  an  utikuowu  lucuUty,  wlilcli  dücTcpitutc-d 

with  violence,  crumbling  iuto  IiistrouEi,  white  scales,  and  only  yield- 

|iug  water  at  a  red  heat. 

b.  B.  it  is  iufnsible.  With  the  fluxes  like  alumiua,  and  if  «lotably 
[■ferrug^innus  the  Inirnx  t»;a*l  is  yellow.  Finely  powderetl  it  a*wumt'a  a 
I  blue  culor  with  cubalt  äolutio». 

&  QibbHte  behavea  like  diaspore;  when  containing  phosphoric 
Iftcid  it  colors  the  fianie  pale  given. 


8CLPHATE8. 

a.  Fehohnnyiie,  ahtwiutte,  anii  nhimian.  The  two  former  yield  in 
'  the  matraeis  much  watt-r,  and  at  a  hi^h  tem|>enitur(:  sulphurous  and 
I  sulphuric  acidät  recogui^Eablt^  by  Llic  udur  and  with  litmus?  |>aper. 
With  iMjrax  and  S.  Ph,  like  alumina.  With  S(»da  an  inrnsible, 
) hepatic  nui&s  »nd  with  cobalt  dulutiun  a  tine  blue.  Alumitm  be» 
\  haves  eimilarly,  but  yields  no  water. 

A.  Alunite  yielda  wiitcr  and  somi'tinu^s  crumbles  to  powder,  esiwci- 
J  ally  when  crystallized.  More  atrong^ly  heated  u  Htlle  Bulphatt?  uf 
luramunia  is  sometimes  sublimed,  while  eulphurous  and  sulphuric 
I  acid«  are  evolved  and  render  the  glass  cloudy.  In  the  forceps  gives 
la  violet  Üame,  becomiug  reddish-yellow  lurthLT  frum  the  a:^ty.  If 
i  the  »oda  reaction  it  too  sti'ong  the  potassa  is  easily  found  according 
I  to  p.  124. 

Dissolves  easily  in  borax  and  S.  Ph.  to  a  clear,  colorless  glass,  but 
sometimes  leaves  a  silica  skeleton  in  the  latter.    Is  infusible  with 
cuda,  but  gives  on  coal  a  hepatic  mass.    WlUi  cobalt  solution  a  Huo 
^blne. 

■;:  Ahtnogen  swells  up  in  the  matrass,  yielding  much  wat4?r,  and  at 
a  higher  temperature  sulphurous  and  sulphnrie  acids.     The  dehy- 
I  dmtcd  imk  is  infusible  H.  H.,  hut  fnijuoully  gives  a  soda  or  potassa 
I  flume.     With  fluxes  like  alumiuite.  but  the  borax  head  is  frequently 
yellow  from  iruu.     Gives  a  fine  blue  with  cobalt  Sfdution,  unless  con- 
^  t4iiDiug  tw»  much  iron.     The  salt  is  easily  soluble  in  water,  and  there- 
fore any  otlier  eartiia  present  can  be  readily  found  by  proper  rpngent*. 
d.  KaliJiitf^  fuses  in  its  wat^^r  of  crystuilizatiou  ttuU  fntths, yielding 
[much  water;  the  residue  heated  to  redness  evolves  sulphurous  and 
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gulphnric  acids.  The  dfhyilruted  slum  U  infusible  B.  B.  and  givei 
s  putas6a  tl«Mie ;  if  this  is  jirevedted  by  8<Kla  the  potussa  is  found 
according  to  p,  134.    With  tbe  Üiixes  and  cobalt  eolation  like  alnno- 

gCB. 

e,  Mendotiie  behaves  like  kalinite,  bat  only  gires  ft  loda  flame,  in 
which  no  potassa  can  be  detecU>d. 

/.  TfchertHiffite  at  first  acts  like  the  precediug  tvo  iu  the  matrasa, 
but  with  a  stronger  heat  some  sulphate  of  ammonia  U  sublimed 
With  the  fluxes,  etc^  like  kulinite.  Mixed  wit]i  soda  and  geuclj 
heated  in  the  matrass,  carbonate  of  ammonia  is  evnWed« 

ff.  PicXcringite  and  6osfe7/mnite  have  been  described  under  mag- 
nesia, p.  163. 

pnOSPHATES, 

a.  Turquoia  in  the  matrass  decrepitatos,  yield«  some  water,  and 
turns  black.  B.  B.  infnsible.  but  assumes  a  brown,  glßs^y  ui>pfär- 
ance  and  colors  the  flame  green,  partly  from  phosphoric  acid  und 
partly  fk'om  a  little  oxide  of  copper.  Dissolves  easily  in  borax  uiid 
S.  Ph.  to  beads,  yellowish-green  when  hot  and  pnre  green  on  cooling 
(copper  and  iron).  The  S.  Ph.  glass  ou  coal  with  tin  lieconiefl 
opaque  and  red  from  suboxide  of  copper. 

With  soda  swells  at  first  and  then  is  grndnally  diesolred  lo  a  semi> 
transparent  glass,  colored  with  iron.  With  more  »nda  bocomci 
infusible,  and  with  still  more  in  a  good  R-  F.  some  copi)er  is  reduced. 
The  phosphoric  acid  can  be  detected  by  fusing  the  mineral  with  euda 
and  silica,  dissolving  the  mass  in  water  and  lhn.)wingdown  the  ]iho». 
phoric  acid  with  acetate  of  h'ad.  tn'/it  phosphoric  acid.  Fnim  iht* 
residue,  insoluble  in  water,  other  coustiiuents  can  be  easily  fuund 
ont.  after  dissolving  it  in  hydrochloric  acid»  as  directed  for  lasnlite^ 
p.lfi4. 

A.  Pfiffitni/e  from  fiangenstriegis  occurs  of  an  emerald-green,  a 
greenish-gray,  and  a  greenish- white  color. 

The  emenild-grcon  rariety  yields  water  in  the  matrasfi  and  assaraes 
an  impure  rose  color.  Ignited  in  a  platinum  crucible  it  lo8t*a  23.5 
per  ct.'nt.  water.  B.  B.  turns  Tiolet-,  cracks  at  a  high  heat,  and  is 
inf^isible,  but  assumee  a  gla«sy  appearance  and  gives  a  greenish  flamc^ 
partly  owing  to  phosphoric  acid  and  partly  to  a  little  oxide  of  cop. 
per.  The  latter  causes  a  momentary  aznre-hlne  when  the  assay  it 
previously  moietened  with  hydrochloric  acid.  Diasolros  easily  in 
powdiT  in  bomx  and  1^  Ph.;  the  hot  glass  is  yellow  frum  iron,  but 
nearly  colorless  on  ooUng.  ^Vith  cobalt  solntion  the  tine  powdet 
bec(»mce  bin«. 


The  greenisb-gruy  pcgnnite  behftVPBÜko  the  prt'ceding,  but  in  tho 
malTAee  becomes  rvdilisli,  in  the  crucible  lueea  24.1  per  cent.,  and  in 
the  forceps  becomes  rt(ldi?h-white.  It  seems  also  to  contain  some- 
whut  more  iron.  Tlie  pbosplioric  acid  in  pexanitc  can  be  detected  ic 
the  same  way  ae  vith  tnrqiioia. 

■  ft  Fisc?ierite  behaves  quite  like  th<  two  preceding  minerals. 
rf.  Aniblygonite  in  the  nialraäs  yiilda  some  uiuiutare,  wliich  at  a 
high  temperature  is  acid  and  attacks  the  glass.  B.  B.  ftises  rery 
easily  to  a  clear  bead  and  gives  u  yelluwish-ied  flame  of  lithia  and 
eoda.  The  pulverized  mineml  nmietened  on  platinnm  wire  with 
Bnlphnric  acid  gives  a  momeutary  Muish-green  flume  of  phosphoriu 
^oeid.  DisgoWes  largely  and  very  easily  in  borax  and  S.  Ph.  to  a  clear, 
^colorlej»  glass.  With  fnsed  S.  Ph.  in  an  o[tcn  tnbe  yields  hvdro- 
flnoric  acid,  vide  fluorine. 

re.  WavtUite  in  the  matniss  yields  water,  the  last  drops  of  wliich 
have  an  acid  reaction  ou  Brazil-wood  jmper.  The  glass  is  also 
attacked  by  the  liberated  hydrvifluoric  acid.  Ignited  in  the  covered 
platinum  spoon  it  loseü  twenty-syvon  to  twenty-eight  per  cent,  of  its 
weigiiL 

B.  B.  swells  and  freqnently  is  divid'nl  into  fine  acicnlnr  particle^ 

which  radiate  from  one  point  and  are  quite  infusihle,  but  turn  white» 

■if  the  mineral  was  not  ulroiuly  white,  and  produce  a  blnl^h-greeoi 

■^phosphoric  acid  flame,  most  distinct  aft<r  moistening  with  siilphnrio 

.acid.      With  the  fluxes  and  cobalt  solnlion  like  ahiminH,  hut  the 

ftsfrtingly  saturated  l>urax  l>ead  sometimes  «hows  a  little  iron,  while  a 

'manganese  reaction  is  frequently  obtained  with  soda  and  nitre.     U 

perfectly  solnbic  in  hydrochloric  acid  if  free  from  silica. 

/.  Sirieffisan  behaves  in  the  matrass  like  wavellite,  bnt  its  gray 
color  becomes  somewhat  darker.  Ignited  in  the  platinum  sptxin  it 
loaes  Ä5.7  per  cent  in  weight  B.  B.  becomes  grayish-white,  ia 
infusible,  and  gives  a  bluish-greeu  flame.  With  the  fluxes,  etc.,  like 
wavellite,  but  shows  rather  more  iron,  and  with  S.  Plu  a  little  silica 
separates.  Leaves  in  hydrochloric  acid  only  a  trifling  gray  residneu 
Treated  in  the  wet  way  like  tnrquois,  a  little  lime  is  found  in  addition 
to  alnmina  and  sesqnioxide  of  iron. 
H  ff.  Variante  yields  in  the  matrass  considerable  water,  having  an 
'nlkaliue  reaction,  and  does  not  decrepitate,  but  assumes  a  feeble  rose 
color.  Powdered  and  heated  in  a  mati-ass  with  soda,  carbonuto  of 
ammonia  is  evolved.  B.  B.  quite  infusible,  bnt  turns  white  and  is 
nnalt4're<l  in  the  R.  F.  The  flame  is  tinge<1  bluiah-green.  Dis»dve8 
rather  easily  in  borax  and  S.  Ph.,  even  in  fragments,  to  a  clear,  pale 
yellowish -green  glass.    Witt  cobalt  solution  becomes  bine.    Fused 
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on  coal  Willi  soda,  ilie  fused  moss  decompoaed  by  hydrooliloric  acid, 
and  the  »oltitinii  evaponited  to  dryness,  a  m&se  is  obtained  which 
dissolves  perfectly  in  water;  it  ooutuin^  therefore  no  silic«.  If 
another  portion  is  fnsed  on  coul  with  soda  arid  silica,  as  describe«] 
above;  for  tnrqnois,  and  further  treated  in  the  vet  way,  in  atldidon 
to  alumina  trifling  qnuntities  of  sesquioxide  of  iron  and  clirominin 
and  of  Diugtiesia  can  be  fitiiiid  and  the  phosjtlioric  uoid  delected  with 
certainty. 

MELLATB   OF  ALt'MINA. 

MelUie  yields  water  in  the  matrass^  and  when  heated  to  redne*5 
chars  and  emits  u  burnt  »dor.  In  the  forceps  and  on  cnul  linrui 
white  and  then  behaves  like  pure  alumina  with  the  fluxes»  elo. 


UILICATBS. 

The  silicatea  ut]der  a.  and  ß,  and  the  alumina-Waring  silicates 
enumcmted  under  the  alkalies  and  preredin;r  earths,  aftrr  being 
tested  for  wiit^-r  in  the  matruss  aud  as  to  t'uäibility,  differ  considenii>)v 
in  iheir  behavior;  the  following  remarks,  however,  apply  generallv 
to  silicate»  rieh  in  alumina. 

They  dissolvt?  with  difliculty  in  borax  to  a  clear  glass,  more  or  less 
yellow  when  iron  is  preaeii^. 

With  S.  Ph.  thoy  are  slowly  decomposed  and  gi-nemlly  only  whon 
powdere<l,  the  buses  dissolviug  and  the  silica  remaining  behimL 
When  alkaline  hixyvn  are  present  the  iH'ad  (i]nLle»ces  on  cooling.  With 
a  little  soda  they  generally  fn&u  to  a  WwH,  but  with  more  s<>da  give  & 
slug-like  mtiss.  provided  the  basefi  an*  not  eiimbinod  with  a  liigh  priv 
portion  of  silicic  acid,  vulc  also  the  tables,  p.  88. 

Cobalt  Kiilution  can  only  be  employed  when  the  ttilicate  is  infusible 
and  contains  little  or  no  c»jloring  metallic  oxides  and  also  not  much 
niagnesiii.  An  infusible  silicate  of  alumina  free  fnira  these  inun^li' 
ents  often  assumes  a  Üue  blue  color  when  treated  in  tiuf  powder  with 
cobalt  solution.  When  it  is  neither  possible  to  determine  the  sill- 
cute  with  the  blonpipe,  nor  to  detect  alumiuu,  the  method  described 
for  lime,  p.  155.  must  be  udupltd,  aud  also  for  rocks,  dressed  ore,  and 
slags,  which  are  to  be  examined  for  alumina 

The  substance  is  decomposed  by  hydrochloric  ueid  at  once,  or  after 
fusion  with  soda  and  borux.  then  the  silica  and  perhaps  a  triflo  of 
bar>'ta  are  separate«!,  the  protochloride  of  iron  converted  into  sesqiii- 
chloride  of  iron  by  nitric  acid,  and  excess  of  ammonia  gradnally 
aiUb'd  to  the  acid  Solution,  which  conlttius  the  remaining  Iwuet. 
Alumina  and  scsqnioxide  of  iron  are  thus  thrown  down  together. 
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ith  any  chromium  proaent.  which  appears  as  Beflqnioxide.  When 
the  gnh^tiiuce  contains  mucli  magnesia  or  protoxide  of  mangaiicäe,  a 
very  trifling  qinintity  of  th^se  is  also  frec|iiently  |>rL*si?ut  in  the 
alitmlnu  »nd  iron  precipitate,  which  is  filtered  out,  na^^hed  well  with 
hot  water,  and  heatod  while  fit  ill  muist  with  a  solution  of  caustic 
potujtsa  nntil  the  ahiniiiia  is  dis3oh'ed,  K-aving  tlu'  dark-brown 
se^qaioxide  of  iron  either  alone  or  mixed  with  the  tsit^quioxide  of 
cbrominm  and  exceedingly  triflinz  qnuntitie«  of  magnesia  and  pro- 
toxide of  manganese.  The  alkaline  solution  is  diluted  with  water, 
the  oxide  of  iron  tittered  out,  and  hydruchloric  acid  julded  to  the 
filtrate  nntil  it  reacts  slightly  acid,  when  the  alumina  is  again  pr?- 
cipitat«!  with  ammonia  and  may  be  cullected  un  a  filter,  well  washed 
with  hot  »vater,  and  UhUkI  with  coLialt  sulntiun.  Should  glucina^ 
which  heliaves  similarly  with  (jotassa  and  ammonia,  be  snspectoti,  the 
ftlumiua  may  be  tested  for  it,  as  will  he  descrilied  under  glueina.  If 
the  tests  with  Huxes  have  shown  chromium,  the  ^epitnui'd  ses- 
qnioxide  of  iron  should  be  examined  for  cliromium,  rtde  chroniium. 
The  nietliod  uf  detecting  the  other  luises,  Mini',  muj^Tiesia,  aud  i)ro- 
toxide  of  manganese  in  the  ammoniucui  liltrate  from  the  alumina^ 
ecwquioiide  of  iron,  etc  is  given  under  lime,  p.  155  et  seq. 


m  SILICATE  OP   AtrSCINA   WIT»  FLCORIDE  OF   ALUMINICU. 

Tiijiaz  {pyrnphysaUtf  and  pyemic)  are  unaltered  in  the  matrass. 
In  the  open  lube  with  fused  S.  Ph.  they  yield  hydrofluoric  acid,  vidf. 
fluorine.  B.  IJ.  infusible,  bnt  the  yellow  tojraz  gometimr-s  assumes  a 
feeble  mse  color.  Dissolve*  slnwly  in  borax  to  a  clear  glusa,  slightly 
yellow  if  iron  is  present  By  S.  Pli.  they  are  slowly  decomposed,  the 
silica  forming  a  skeleton,  while  the  bead  opalesoos  on  cooling. 

»Pinely  powdered  they  become  blue  with  cobalt  solution. 
According  to  Turner  certain  topazes  fused  on  platinum  wire  with 
flnorite  «nd  bieulphate  of  potassa  give  a  boracic  acid  flame. 

■  ALUM1NATE9. 

The  beha\'ior  of  some  of  the  above-named  alnniinates  has  been 
already  stated  under  magnesia ;  that  of  the  others  will  be  described 
ander  gtuoina  and  zinc. 

10.  Olucika,  fie. 
//«  occurrence  in  the  mineral  kingdom, 

\  Glacina  is  not  of  frequent  occurrence,  being  (onnd  only  in  com- 
nation  with  silica  and  a1umin:i. 
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ft.  With  silicic  acid  in  th<^  fulluwing  silicates: 
Phenucite  III.  3,— ftc'  9i ; 
Eucliwe  II-III  A,  3,-2  ße  Si  +  3  Xl  Si  +  fl'  Si;  the  fi  ia  onlj 

pxpelk'd  by  strong  iguitiou  ; 
Ber>l  (emcmid)  II-III,  3,-3  fto  Si  +  ÄI  Si"; 
Oudolinite  (certuin  varieties),  tritle  yitrim ; 
Uelvito  I-II  A,  IG.  (with  evolution  of  sulphuretted  hydrogen),— 

3  ft'  Si  +  Mil  S  ;  k  =  fie,  Sin,  Ve ; 
Danulite  II,  10.-3  ft'  Si  +  Zn  S;  ft  =  |Jc,  h\  Sf  n,  An ; 
I^ucophauitts  ride  soda. 

b.  In  CDUibination  with  ahtminn  in 
Chnrsobenl  lU,  3, — Bo  X),  coutainitig  occasiunolly  trißing  qoaati- 

tiea  of  Ik  or  Pe,  Oa,  or.  On.  I'b,  Si,  and  TL 


Bxamination  for  OlncLn«, 

InclndiHij  the  ölowpijt«  characteristic*  of  the  mineraU   above  nNH 

moated. 

SILICATES. 

Pherwcife  p'elds  nothing  volatile  in  the  matmss.  B.  B.  is  m- 
fufiiblo.  Is  dissolred  with  extreme  difücnlty  by  borax  unless  in  fine 
powder,  when  it  didsolves  rather  easily  to  a  clear  glusft.  lii  the 
stMngly  f^tumted  glass  white  Üockf>  are  produced  by  flaming.  The 
powder  dissolves  in  S.  Ph.  and  leaves  a  silic»  skeleton.  With  a  little 
soda  a  milk-white  bead,  with  more  it  swells  and  forms  an  infusible 
white  fil'ig.     Cobalt  solution  prodnoe«  a  dull  blue  color. 

After  fusing  the  line  powder  with  soda  and  b<jrax  on  can.1,  p.  112, 
and  treating  the  com|>oand  with  hydrochloric  acid  nnlil  the  silica 
is  scparuled,  the  glucina  may  be  readily  separated  and  further 
test«(i.  The  acid  solution  is  made  slightly  ammuuiucal,  when 
glucina  and  any  traces  of  sesquioxidc  of  iron  are  thrown  down. 
They  are  coltocted  on  a  filter,  washed  thoroughly,  and  heated 
while  still  moist  with  solution  of  potassa,  until  the  gincina  ii 
redissoWed,  leaving  the  oxide  of  iron.  According  to  Schaffgotsch 
particular  oare  must  be  taken  that  the  potassa  aulutiuu  üoee 
not  boil,  othcrwiae  some  of  the  glucina  may  remain  undissolrt-d. 
After  diluting  the  solution  with  water,  tiltoriug  it,  aud  making  it 
sliglitly  acid  with  hydrochloric  acid,  the  gincina  cau  lie  ag»io 
lljrown  down  by  ammonia  and  may  then  l»e  te-sted  for  alumina.  To 
this  end  it  is  filtered  out,  thoroughly  washed,  and  then  6huken  in  a 
test  tube  with  a  large  quantity  of  carbonate  nf  ammonia  solution. 
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which  dissoKtfä  tlie  jjlucina  mid  leaves  die  alumina.  Tlu-  lalU'r,  if 
funnti,  may  l>e  collected,  wuehed,  und  ti-stod  wilh  cobalt  solution. 
The  atnmoniscal  eohition  of  glncina  is  heated  to  boiling  in  a  poroe« 
lain  vesfli^l,  w)\pu  the  plucina  goes  dow»  as  baaic  carbonate,  and  this 
can  be  converJed  into  pure  glncina  by  ignition  in  the  platinum 
capsnl».    For  it«  blowpipe  chamcteristics,  t'trfs  p.  9S. 

£uefage  is  unaltered  in  the  niairass  and  it»  water  cannot  be 
detci^ted  hifn%  being  unly  expelled  at  a  very  high  tenip<'ratnre.  R  U. 
evells  up  into  cauliflower-like  points,  vhitenB  and  TuBes  with  difti- 
cnlty  on  the  edge  to  a  white  enamel.  Dissolve«  slowly  in  borax  to  a 
clear,  colorless  glass,  which  cannot  be  llamed  opaque.  Jf  a  fnignieiit 
is  employed  it  first  swells  with  slight  eßcrvescence  and  then  wBitetis. 
Dfcomposi-d  by  S.  Ph.  with  slight  effcnescence,  leaving  a  white 
silica  skeleton,  while  the  glass  remains  clear  and  colorless,  but 
opalesces  on  cooliug.  A  reduction  assay  with  »rda  on  coal  yiehls 
traces  of  tin. 

Beryl  is  anchauged  in  the  Diatrass.  B.  B.  thin  splinters  become 
ronndod  and  fonn  a  vesicular,  colorless  scoria;  tninsparent  varieties 
become  milk-white.  Dissolves  in  borax  to  a  clear  glass,  fine  given 
when  cold  if  chrominm  is  present.  By  S.  Ph.  it  is  very  impertVcrJy 
decomposed ;  the  as-cay  remains  nearly  unaltered,  but  diminishes 
somewhat,  showing  that  gome  silica  is  diaj-olveU  as  well  as  iIk-  hoses. 
The  cold  glass  opulescc»  and  is  green  if  chmminm  if?  jirosent.  It  is 
dissolved  by  soda  to  a  clear,  colorless  ghiss^  and  acc*>riling  to  Bereelinfl 
tlie  yellow  mineral  from  Brcnldbo  and  Finixt  yields  visihie  traces  of 
tin  by  the  reduction  assay. 

The  method  above  given  for  phenacite  is  also  employed  in  separft- 
ting  the  glucina  from  enclase  and  beryl.  The  precipitate  obtained 
by  ammoiiia,  containing  r.he  alnmina,  ghu'ina,  and  tte^jtuiiuxides  of 
iron  and  chromium,  is  treated  a;^  before  with  pntiia^a  solution,  which 
caves  the  oxides  of  iron  and  ohi-omium.  These  are  collected  on  a 
filter,  washeJ,  and  tested.  The  alumina  and  glncina  are  8f]>arated 
as  before.  Other  more  accurate  methwls  for  the  ([uantitative  suparo- 
ition  of  these  earths  (riV/e  Ausführ.  HamWuch  ti.  Anal.  C/tem.,  H, 
vol.  ii.,  p.  60,  ef.  iteq.)  need  not  be  given  here. 
Tehitf  yields  a  litllo  water  in  the  matmes,  otherwise  unchanged. 
'3,  B.  intnmcsces  strongly  und  fuses  with  (iifticuUy  to  a  dark-yellow 
to  brown  bead,  not  free,  from  bubbli-f?.  Dissolves  elowly  in  borax  to 
a  clear  violet  glass,  nearly  colorless  in  the  R.  F.  It  is  rather  easily 
decomposed  by  S.  Ph.,  yielding  a  f^W'wa.  skelelnn  and  a  colorless  glosSt 
opalescent  on  cooling.  Swells  at  lir.st  with  ända,  then  fuses  to  a 
black  bead,  chestnut-brown  in  the  It  F.  With    more   soda  spreads 
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out.  sinks  partly  into  the  conl,  and  rields  n  snlpliur  ruiictiuii.     Wit 
sodii  and  nilre  a  stroug  muuguncä«.'  ivactiou. 

To  detect  tlic  glucina  the  fiiuOy  i>on'fler«tl  mintTuI  is  diasolvixl  in 
hydrticlilnric  »cid  ([Hiix.T  moititoned  with  ucetute  of  loud  sliows  tUa 
eulphiirett^'d  liydrogeu  is  evulvt-d),  tstrufiilly  t-vajHTalrd  tu  drynes 
moistened  with  hydrochloric  acid,  disstiWed  in  boiling-hot  »falcr,  and 
the  silica  tiltercd  out.  Thi^  tiltralc  is  furthtT  trvated  as  dir4»clt'd  fur 
pliunacite,  p.  178.  The  protoxide  of  magnesia  can  be  precipitated 
Id  the  amnioniocal  tlltruto  from  the  glucina  and  sesqniuxide  of  11*011 
either  with  sulphide  of  ainmouium  or  a  *oliiiion  of  S.  Pli,, 
tested,  p.  155. 

Danhlile  ;  B.  B.  fnw«  readily  on  the  edpes  to  a  hlack  eiiame!.    WitÜ 
wda  on  charcoal  gives  a  slight  coating  of  oxide  of  zinc  (and  tj 
sulphur  reaction  on  silver  foil).     Perfectly  decomposed  by  hydr 
chloric  acid,  with  evolution  of  Bulpliuretted  hydrogen  and  eoiMtnition  ' 
of  gelatinous  silica.  Dana. 

Lnicnphaniifi    fiiseA.  according   to   Enlmannt   to  n   clear    bea 
inclining  to  violet,   which   can  be  Hained  opaque.      Accoiiling  to 
Dana  it  whitens  and  shows  purple  phosphorescence  in  the  mntra^'v; 
in  the  forceps  phosphoreäcos  nud  fudes  with  intumesoonoe  10  a  cle 
colorless  glass,  also  produces  an  intense  soda  tlaaie.     Dissolves  easilj 
iu  borax  to  a  clear  amethyst-red  iMmd.     Is  easily  deoonipotied  by  '• 
Ph.  and  leaves  a  silica  skeleton.     In  the  open  tube  with  fused  S.  PH 
shows  fluorine: 

The  lime  and  glucina  may  be  easily  found  by  the  method  give 
for  phenucite;  the  amnioniucal  filtratx.*  from  the  glncina contains  tlu 
lime,  which  is  thrown  down  with  oxalic  acid. 

COMBIXATIOK  OP  OLUCIXA   AKD  ALUMINA. 

(^rysobtryl  is  unaltered  in  the  matrass.  B.  K  infusible»  bat 
lieat^-d  in  fine  powder  on  coal  becomes  glassy  on  the  edges-  Dissolves) 
slowly  in  borax  and  S.  Ph.  to  a  clear  gins« ;  iu  S.  Ph.  dissolve* 
very  slowly  uiilesn  ptnvdfred.  With  soda  only  rendered  dull  on  the 
surface;  otherwise  not  attacked  The  powder  becomes  blue  witli 
cobalt  solution.  The  glncin»  is  sepftrated  as  described  above  for 
phenacite»  etc 

II.  TtTRIAi   't,  AKD  ERBIA,  £. 

Their  occurrettce  in  Mc  mineral  kingdom» 

Yttria  is  but  rarely  met  with  and  nenrly  always  in  common  wit 
oxide  of  erbium  iu  various  combinations. 


YTTRIA   AND   EBBIA.  18] 

a.  Ks  ßvoride  of  1/Urium  in 
Yttrocerite,  vide  lime. 

b.  "Vi  ith  pJwsphoric  acid  in 

Xenotime  3, — ^'  P ;  that  from  Georgia  contains  eleven  per  cent  öe, 
a  little  ^  and  5i  are  sometimes  present 

c.  With  tantaUc  acid  in 

YttTotautalite  3,— (IT,  J'e,  Öa,  Ü)"  Ta';  Dana.  Some  W,  Sn,  % 
Cn,  and  fi  are  frequently  present,  and  yttro  tan  tali  te  from 
Ytterby  contains   further,  according  to    Hermann's    analyses 

given  by  Dana,  Sb  (Cb),  'ti,  Th,  Ce,  La,  1)1,  lln!    There  are 
two  varieties,  a  hlach  and  a  yellow. 

Hielmite ;— Ta,  W,  Sn,  Y,  Ca,  Ü,  t'e,  Sin,  Ce,  La,  £)i  (Cu,  Sig),  0. 

d.  With  niobic  acid*  in 

Fergusonite  3,— Nb,  t",  Zr,  Ce,  t'e,  Sn,  Ü.  Ö  ; 

Sainarskite  1,— :fJb,  W,  Y,  C,  Th,  Zr,  f'e,  Sin,  Ce,  %,  Ca,  Ö  j 

Tyrite  is  similar  to  fergusonite  and  probably  a  vai'iety  of  it 

e.  With  niobic  and  tita7iic  acids  in 

Euxeuite  3,— JJb,  "ri,  t,  Ü  (Ce,  La),  f'e,  Sig,  Ca,  Ö  ;  Dana  includes 

Ta; 

Polycrase  2,— :fJb,  f  i,  Zr,  Y,  Ce,  Ü,  ^e  (Ä1,  Ca,  Sig) ; 

-älschynite  3,— JJb,  Ti,  Sn,  Th,  Ce  {La,  I)i),  Ve,  Ca,  t,  traces  of  F. 

/.  With  titanic  acid  in 
Polymignite  3,— Ti,  2r,  1^,  If,  Ce,  Ca,  fin  (traces  of  ißL,  Sig,  Si,  Sn). 
g.  With  silicic  acid  in  a  few  silicates,  some  of  which  contain  a 
little  water. 
Gadolinite  (free  from  glucina),  from  Ytterby,  Finbo,  and  Broddbo, 

III,  IG,— 2  f  Si  +  H*  Si,  k=  Ce,  Ve  (Ca,  Sig) ;  also  a  little 

3Ü; 
Gadolinite  (containing  glucina)   from  Ytterby  and  Hitteröe,   HI, 

1, — approximately  ß*  Si',  Dana  (for  the  Hitteröe  mineral) ;  Ä 

=  "t,  Ce,  ße,  I'e  (Ca) ;  also  La  and  probably  £  and  T)i ; 
Alvite  III,  3,— Si.  t,  Th  ?  lie  (Ca),  2r,  ^e,  Xl,  k ; 
Mnromontite  II,  IG,— Si,  Y,  te,  Ce,  lie.  La,  Ä1  (Sin,  Ca,  Sig,  Jfa, 

S,ö); 

IJodenit«  II,  IG,— 5i,  t,  H  Ce,  La,  Ca,  5lg,  Sin,  B:,  :5fa,  Ä1,  ft. 

•  ViWe  note,  p.  327. 
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/«.  Willi  titanic  ncid  autl  combinations  of  »ilicic  acid  in 
Ktiilhauite  (ytLiY>iit4iiiit<^).  vide  Urne. 

/.  With  carbonic  acid  in 
ToQgcritti  1 :  uccordiiig  to  Svanbei^  and  Tcnger,  carbonate  of  yttria 
(Dana.) 

In  mlditiün  to  the  above  niinernU  theiv  are  a  few  more  wbiob  con-' 
tain  trifling  quuiititiea  uf  yttriu,  viae  cerium. 


Examination  for  TttrU  and  Srbiaf 
Including  the  bloicpipe  cJiareu'Jn'ii>/ic^  of  the  ahove-mentioneH  miaeraU. 

Mosaiidcr,  who  discovered  oxide  of  erbium  iu  yttriiH  8f}mnU<.-d  by 
cht--mi<!ul  proceä«eä  from  Turioiis  mineraU,  found  thai  the  aceunile 
separation  of  these  bases  from  each  other  wa*  nttcudi^  with  uuwer^ 
OU8  difficulties  and  couldonly  be  accomplished  I  v  ising  u  ronsideriiblf 
amnnnt  of  nnitcriitl,  while  even  then  the  hjuse»  i^uiild  nut  uIhuv.^  he 
isolated  in  a  cheuiioally  pnrc  stute.  Sim%  blowpipe  examiiiatiunfl 
are  only  made  upon  small  qiiautities  of  a  substance,  we  cannot  expect 
to  miike  anynccurate  fcpiiratiipn  of  these baecB until  more ei>r1uin  und 
simple  methods  become  known,  and  generally,  therotore,  the  blow- 
pipt<  examinations  will  be  limited  to  the  separation  of  both  base« 
together,  being  only  further  extended  when  the  substance  to  be 
examinetl  is  rich  in  vttriu,  or  a  lurger  amount  of  it  ia  UBod  than  in 
the  oitlinary  blowpipe  anulyses. 

When  not  too  small  a  quantity  of  yttria  has  been  preiKired.  free 
flrom  iroi],  nraninm,  and  othar  easily  separable  merats.  the  oxides  of 
which  appear  coloied  after  ignition,  hy  the  mi-thud^  tu  1«?  heh-'ufter 
given,  pure  ytlriu  may  be  obuiined  from  it  in  the  following  way  : 

1.  The  spimrated  yttria  is  dissolved  in  hvdnichloric  acid  and  dilnt« 
ammonia  utld^d  to  the  solution  in  small  qnnntities.  The  precipitate 
vhich  forms  after  each  addition,  is  tiUered  off,  waslieil,  and  dried. 
By  this  means  bnsic  salts  are  obtatiu-d^  the  lattc-r  purlionü  of  whieh 
are  f)erfertly  colorless  and  contain  only  yttria.  The  prt-ceding  one* 
are  reddish  and  contain  constantly  increasing  qnantities  of  erbia, 
which  is  especially  found  in  the  precipitates  tirst  formed. 

2.  The  yttria  separated  from  the  niinerals  may  be  dissolved  in 
nitric  acid  and  the  solution  treated  as  al>>ve.  When  the  precipi- 
tates are  seimrately  treated  the  first  one  yields  a  dark-yellow  oxide, 
and  the  succeeding  ones  appar  paler  and  paler,  until  the  last^  which 
is  quite  white  and  consists  of  pure  yttria. 

.1.  A  similar  separation  may  be  accomplished  by  treating  an  acid 
solution  with  binoxalate  of  {wtassa,  buc  certain  precantiona  must 
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oe  oWrvcil,  and  as  the  method  is  complicated  and  requires  time  it 
vill  not  now  be  further  described.         * 


FLL'OBIDE  OF  CALCIL'M   WITH    FLL0RIUE8   OP  ITTRIUM   AND 
CEKIUSC    IN    VARVIKU    PKOPOKTIONS. 

Yiiroctrile  from  FJubo  jieldis  some  wut^r,  which  had  u  hurntodor. 
The  dark  variety  becomes  wliite  iu  the  matra&s.  Ou  coal  it  is 
infusible,  but  upon  addition  of  gypsum  fuses  to  ua  ojmque  bead. 
With  borax  aud  S.  Ph.  a  yellow  bead  while  hot;  this  cau  \xf  flamed 
opuqne  at  a  certain  degree  of  saturation.  With  a  little  sodu  fuse^  to  a 
bewl.  with  more  bfeomes  It^ss  fusible,  aud  when  still  more  i»  added 
the  soila  sinks  iuto  the  coal,  leaving  an  infusible  mass  behind. 
(Berzcliud.) 

Vtfroceriie  from  Broddljo  decrepltalee  slightly  iu  the  niutitiss. 
B.  H.  infusibk',  but  becomes  milk-white,  then  brick -red,  ultliuugh 
not  always  similarly  coloi-ed.  With  gypsum  it  is  Infusible,  owing 
to  the  large  amount  of  fluoride  of  cerium.  Wiih  the  glass  fluxea 
almost  like  sesquioxidi^  of  ci'rium.  Allyttrocerite  yields  hydrofluoric 
acid  when  tested  in  the  open  tul>e  with  fused  S.  Ph.,  vide  flnorine. 

The  yttri»  in  yttrocerice  can  only  be  detected  by  the  wet  procesa 
A  little  of  the  very  iine  powder  in  dix^'si«!  with  sulphuric  ucid  in  a 
platinum  diah,  stirred  up  with  a  plaliuuiu  wire  aud  ht-ated  over  tlie 
spirit-lamp  under  a  chimnry,  until  all  of  the  fluiirine  und  then  nil  of 
the  superfluous  sulphuric  acid  are  expelled,  leaving  suljihutes  behind. 
These  are  dissolved  in  dilute  hj'Uiuchloric  acid,  water  is  uddcd,  aud 
the  dilutt-'d  solution  filtered,  if  any  sulphate  of  lime  should  remain 
nndifisnlved.     From  the  clear  Solution  protoxide  of  cerium  and 

idea  of  tanthaninm,  didymium,  yttrium,  and  erbium  are  preeipi- 
by  adding  ammonia  in  slight  vxvL'Si.  aud  the  precipitate  is^ 
filtered  out.  From  the  animouiaeal  tiltrate  lime  is  thrown  down  by 
oxalic  acid.  The  preeipitjitf  formed  by  adding  ammonia  is  washed 
with  hot  water,  xintil  the  wash  water  is  no  longer  clouded  by  oxalic 
acid.  (If  it  were  necessary  to  examine  this  precipitate  for  alumina 
or  glucina  it  would  require  to  be  hi-ated  moderately  with  a  solution 
af  potassa,  and  if  it  contained  sesiptioxide  of  iron  this  would  be 
afterward  removed  by  a  dilute  solution  of  oxalic  luid,  riric  jdio^phate 
of  yttria;  but,  Hccordiiig  to  Ber/idius.  yttrocerite  contains  uone  of 
these.)  The  well  washed  precipitate  is  then  trausftired  to  tJie  larger 
porcelain  ves&el,  p.  43.  Fig.  03,  or  to  a  small  bt-aker  glass.  dissolvL-d 
in  a  little  hydrochloric  acid,  and  diluted  with  water.  In  this  solution 
is  )^aoed  a  crust  of  crystallized  sulrh^f'  of  ^mtassa.  bo  that  it  reaches 
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above  the  surface  of  the  liquid,  and  the  whole  is  set  aside  for  twenty 
four  h(nn's,  or  else  the  solution,  if  not  too  dilute,  is  treated  with  a 
quite  conurntruted  solution  of  sulphate  of  potassa,  prepared  with  the 
»id  of  hetit,  and  the  whole  is  allowed  to  cooL  In  either  case  the 
result  is  a  lii^uid  saturated  with  sulphate  of  potassa,  in  which  yttria 
and  protoxide  of  cerium  form  double  salts  with  the  potasea  and 
sulpli  uric  acid.  The  yttria  salt  is  soluble  in  the  saturated  solution 
of  suli>hate  uf  potassa,  while  that  of  the  protoxide  of  cerium  is 
insoluble  und  falls  to  the  bottom  as  a  white  powder.  It  is  filtered 
out,  washed  with  a  saturated  solution  of  sulphate  of  potassa,  and 
dissolvtil  in  boiling-hot  water,  after  which  the  protoxide  of  cerium 
is  thri>wi\  down  with  potassa  solutiou  by  the  aid  of  beat,  filtered 
out^  wikijied  thoroughly,  and  then  ignited  in  the  platinum  spoon. 
During;  ignition  it  oxidizes  to  sesquioxide  and  assumes,  if  pure,  a 
lemon-yellow  c-olor;  but  if  it  contuius  didymium  it  assumes  a 
cinnauiou-brown  hue.  Oxide  of  lanthanum  is  white  and  therefore 
any  »duiixture  of  it  would  not  be  i)erceptible,  but  upon  treating  the 
ignited  uxidi'  with  nitric  acid,  evaj>orating  it  to  dryness,  and  igniting 
the  dry  n'sidue  with  access  of  air,  the  oxide  of  lanthanom  may  be 
vxtraetrtl  witii  very  dilute  nitric  acid  and  precipitated  with  solution 
of  jxMiiiisi,  rüir  ivrinm,  lanthanum,   etc. 

The  Yttria  r\>muiuing  in  the  solution  is  likewise  precipitated  by 
ivt!*s>;i  with  the  aid  of  heat,  tiltered  out.  and  ignited-  To  test  it  for 
erbi»  ;l  is  dissolve^l  in  hyuroohlorio  or  nitric  acid  and  ammonia 
add(\i  in  small  ivrti'.uis,  jx  IS'2.  If  the  tirst  precipitates  appi-ar 
yellow  after  ignition  it  may  l*e  as^unird  that  the  yttria  contained 
crbia,  situv  tni*  has  a  dark  yellow  color  after  ignition,  while  yttria  is 
thou  purt'  »into. 

PHOSPHATE. 

Xf:.^i'-f  i:ituuu';Sv\"S  SiigV.:'.y  and  fiiscs  with  diflScuIty  on  the 
»\i^vs,  «.\^or;:ii;  :..;o  l'.:i!\v,  di>:.uo-;y  bI:;i>h-gnrT:n  after  being  moist- 
r A*  ac.J..  I:  di?Ä^'v=?  ?\*»>  in  boi^x  to  a  cleai 
'.'o\»  :";vm  :n.'::  »*■,;'.<;  watci,  and  otherwise  likf 
.:  0.  >.-k'"\ ^i,  ve-y  •i"..'»"y  ni  siicccion  from  apatite). 
>-<-  Wi:"-.  if>.v.Ä  ;:  is  dtwiupoötdwicb  efltrreaOruoe 
■.".;>  Vl,  ^'.ii;.     !*-,>;  ?..;.  o:*  ;rv»n  is  obtained  by  the 

."■-    >.::,. 4    »■:>.    ixr:^.:::;.    :,-r   Terr  finely  powdenrd 

\-v"  »  ,h  '."..:-  :    r\.  :  :  :<  :>  *^-:;*i:  of  soda  and  fu^ed, 

\:  ;4       vvr    .->  .r,  y--.  .  "-•.    -»-.ri.-r  ifi  the  pUtinoiD 

'.--  'i-.^-,',    ,*.:■*, ^*.^.     T-.   -..vsrtl  mass  U  evnervd 
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with  water  in  a  small  porceliiiu  vessel  and  ticated  to  boiliii*^  over  the 
lamp.  Phosphate  of  soda  and  the  excess  of  c:»rbonat<?  of  soda 
diaaolvc,  leaviiig  the  iusoluble  jttria  and  6ome  nesqiiioxide  of  iron, 
which  la  prt'SL-nt  in  the  mineral  as  basic  phosphate.  After  filtering 
out  the  residue  and  washing  it  thoroughly,  phosphoric  aeid  miiy  be 
very  readily  detected  by  testing  a  little  of  the  tiltrate,  vide  phos- 
phoric acid. 

Th«  residue  of  yttria  and  sesqnioxide  of  iron  may  be  dissolved 
wliile  still  moist  in  hydrochloric  acid,  diluted,  and  the  btt-st^s  ihruuii 
dovu  as  bydrales  by  means  uf  ammouia;  they  aiv  thüroiighly 
washed,  transferred  to  a  test  tube,  covered  with  a  dilute  solntiori  of 
oxalic  acid,  and  heated  nearly  to  boiling  over  lli*?  jipiiit-lami>.  Both 
basea  are  converted  into  o.xulutea,  and  the  oxiilate  of  R'^piioxide  uf 
iron  being  siduhle  can  tie  n'ndily  Sfpnrated  by  filtration  from  the 
insoluble  oxalate  of  yttria,  which  appears  as  a  hwivy,  whit*-  powder. 
This  being  also  insoluble  in  pure  water  is  waaheJ  thoronj^hlv,  dried, 
and  ignited.  A  special  test,  p,  18'-!.  is  neces8i»ry  to  determine  whetlier 
tlie  yttria  is  pure,  or  contains  erbia,  and  for  this  the  (pnintity  of 
^tria  must  not  be  too  small.  The  sesqiiioxide  of  iron  in  the  fil- 
truip  is  wpaniti-d  by  means  of  potassa,  after  some  nitric  ojcid  has  been 
added  und  tlie  whole  warmed.  It  is  filtered  out,  washed,  and  tested 
R  B.  with  borax,  if  necessary. 


TAXTALATE8. 

TttrofantaHifj  yellow  and  bluck.  According  to  Berzelius  they 
behave  as  follows : 

Alone  in  the  matrass  they  yield  water  and  the  dark  varieties  tnm 
yellow.  Strongly  ignited  they  become  white  and  the  glass  is  attacked, 
while  the  expelled  water  turns  Brazil-wcmd  paprr  yellow  at  lirst  and 
then  bleaches  it.  B.  B.  infusible.  Pii^solve  in  borax  to  a  nearly 
colorless  glass,  becoming  opaque  of  itself  with  a  large  addition. 
I>iBolvu  In  S.  Ph.,  leaving  a  white  skeleton  of  tantalie  acid,  which 
on  continued  blowing  also  dissolves. 

The  i/Iurk  variety  from  Yttcrby  gives  a  glass  which  assumes  on 
cooling  a  feeble  rose  color,  after  treatment  in  U.  F.,  owing  to  the 
pppseiK^e  of  tungsten. 

The  yt^Uow  variety  from  Ytterby  affords  a  faint  but  fine  green 
due  Uy  uranium.      Ytlrntantalite  fmm  Finho  and  Kararfvefc 

firds  a  strong  iron  color,  which  obscun^s  the  uraninin  reaction. 
Sttda  decomposes,  bat  does  not  dissolve  them.  On  plalinum  foil 
they  ahow  manganese,  and  by  reduction  with  borax  and  wd-^  yield 


188 


PLATTXERB  BLOftPIKF.   ANALYSIS. 


traces  or  LiiL     Thu  mineral  from  Finbo,  howuver,  conUuna  so  much 
Imn  lliut  the  tin  caimut  be  thus  di'tccteO. 

Ifichitilfi  dccrei»itute8  in  the  luatrusä,  crumble«  aud  yields  water. 
In  0.  V.  inf'nsiliti-,  but  becomes  bruwn.  DiiUtolved  readily  in  borax  to 
ft  clear  gluss,  cloudy  by  flitming.  With  8.  Ph.  a  bhush-grcen  glus. 
With  sndft  on  churcoul  gives  metullic  spangles.  Duuu  stales  that 
tho  borax  bead  ivniains  unchanged  on  flaimug. 


jnOBATBS. 

Fertfuittmilt'.  yields  a  little  water  in  the  matrass.  B.  B.  oa  char- 
(xml  h«'4-onie8  llrat  dark,  then  pale  yellow,  but  is  infusible.  DissoUefl 
with  dilllinilly  in  borax  to  a  gla^s  which  is  yellov  while  hot^  and  if 
entiirutedt  can  be  made  cloudy  and  dirty  yellowiäh-red  by  flaming ; 
tin;  uiuliii^'dlvud  {N)rLton  is  whitu.  Uisaulv^  slowly  iu  S.  V\\.  to  a 
glaMt  yellow  in  Ü.  F.,  coloritss  in  R  F^  or  iucliuing  to  red  if  well 
saturated;  it  then  is  n>adily  made  cloudy  by  flamingo  or  tm  couüug, 
but  this  is  not  the  case  with  a  miHlerate  addition  of  the  mim*ral. 
The  portion  remuiniiig  undi&S(dved  is  white. 

Fu.ittl  with  tin  the  S.  PU.  gbtss  rvmuins  oulork'^a,  but  the  uudtft- 
•oIvvhI,  whit«  (tortion  of  the  assay  acquires  a  tIesU-rod  etiadö.  Il  i$ 
di'ciinipoMHl  by  si^la  without  U-ing  dissolved,  aud  leavi-s  n  n-ildi.-li  sla^ 
K(*(liK\'<i  with  eni>ngh  soila  it  nfFitnUsume  meLiiltio  Liu.  (Berz'-liuä.) 

Sttmarskitf^  atixtrdiiig  to  G.  Rose,  behaves  as  follows: 

In  the  m»ir»&$  deore|MUites  somewhat,  glows,  cracks  o)kii,  uud 
blacken«.  H.  H.  fu^ti  uu  the  tslgvs  to  a  black  gla^s.  With  lx>ritx  ia 
O.  F.  a  yfUowish-f^reon  to  reddish  glaiss;  in  IL  F.  a  yellow  to 
gTv«<nUh-blaok  gl».-«.  tH-<«niiDg  opaque  aud  yellowish -I 'row  n  by 
Qamiug.  With  S^  Vh.  in  O.  F.  a  clc«r,  emcnild-green  gla&s  unuliered 
in  K.  K.  With  smltt  on  platinum  foil  a  uaagaiieae  iractinn.  Kns»l 
with  bi»ulpt)atv  of  i^otasä»  forms  a  flaid,  red  nMKS,  which  is  yellow 
whrn  ctOd. 

/"'  "it*  dt^ot^^lMtat««  strongly,  yields  wairr,  »ad  becomes  yellov. 
Www  tK«ra\  yivMs  a  ^lass  «hkh  is  ivddti^fdlow  while  hot,  aud 
ooK^rl^>««  «h^n  cotd^  With  &  Ph.  affoirds  a  äli«  skrlc-ton,  and  tLe 
gi  ■  '       'low  white  hoc«  grata  o«  fwoling 

'  ^\i%.  (— Mri>i>s  IB  powder  is  mffioently  deooa> 
|i«Md  «>»  N'ihivfs  with  (uli^KTic  *«d  t»  pv«  a  blue  color  wht:n  the 
ikcid  Ai*i4  w  tnalcU  «ub  Bk«taUic  nac  or  Cn;  wUk  /«fyMwai/s 
»n^MMmtvd  «iUi  s«l|>h«rW  acid  ykUs  a  white  rcaidM,  which  tzvatod 
«ilh  hy\lf\vhKwic  and  «ad  ■«ülHt  iniv  givas  a  bloisb-gKea  eolor. 
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OOXBXKAXIOXS    WITH   TITAXIC   AND   NIOBIC  ACIDS. 

Euxenite  is  infuaible.  With  Iwmx  and  S.  Ph.  dissolves  to  glaäsec, 
yellow  while  hot,  but  the  S.  Ph.  ghiss,  nut  too  slightly  saturated, 
becomes  yellowish-grwn  od  cooling*  owing  to  urauiiim.  (Schoerer.) 
Ftised  nith  caustic  ix>tasäu,  the  uius«  diäsuivtd  in  water,  the  eoliition 
ueutrulized  with  hydrochloric  acid,  and  the  resulting  procipit^ite 
k1  with  coueeuirated  hydrocliluric  acid  and  tin  foil,  a  cU^ar 
phire-blue  fluid  resulti,  which  changes  to  olive-greon  and  finally 
hlcacbe&  The  mineral  i»  sutHciently  attacked  on  evapuration  witli 
snlphnric  acid  to  give  a  whitish  residue,  which  affords  the  charac- 
teristic blue  reduution  test,  when  treated  with  nietullie  zinc  or  tin. 
(Uaua.) 

Poii/rrast!  decrepitAtes  in  the  matrass  and  givt's  (nici*s  nl'  water. 
In  the  forceps  glows  and  a-tsumeä  a  light  grayiah-brown  color.     Dis- 
eolres  in  l^rax  in  O.  F.  to  a  clear  yellow  glass,  wjuch  tu^^nmes  a 
brown  color  in  R.  F.,  esjecially  in  adding  tin.     With  S.  Ph.  likewise 
I  dissoWes  to  a  clt-ar,  yellow   to  yellowish-brown  glass,  passing  into 
gR'euish  on  cooling.     In  K.  F.  the  color  lieconu-s  diirkcr.  (Sclieerer.) 
I  Decomposed  by  evaporatiou  with  conccutruted  sulphuric  ucid,  the 
(product  treated  with  hydrochloric  acid  and  boiled  with  metallic  tin 
or  zinc  givt'S  a  deep  uzore-hlue  color,  which  does  not  fmte.     (I)uniL) 
^ffcAywiVtf  yields  some  water  and  traces  of  hydi*ofluoric  acid   in 

■  the  matraos.  B.  B.  swells  and  changes  from  a  black  to  a  rusty  brown 
color.  Is  rather  easily  dissolved  by  borax  in  0.  F.  to  a  clear  gluss, 
j^llow  whilu  hot,  colorless  on  cooling.    Troati-d  with  tin  in   R.  F. 

Bthis  glass  hecom'^g  hlood-red.  It  disiwivcs  less  easily  in  S.  Ph.;  a 
BbbwU  addition  affords  a  clear,  colorless  glass,  which  is  readily  made 
^pPody  by  sepuratinn  of  some  white  subsbinoe,  when    tnon-  of  the 

assay  is  added.  With  tin  in  R.  F.  tliö  glass  as§sumes  an  umetliyst 
^(X>lor.  The  mineral  eCervesces  with  soda,  hnt  is  not  dis.solvid  and 
Byields  nothing  metallic.  (Herzelitis  and  Hernnan.)  It  is  sntHcifUtly 
H^ecomjkispd  by  sulphuric  acid  to  shrvw  the  reduction  test  with  zitic. 
"  (Dana.)     The  wet  process  must  be  |>artly  employed  in  urdor  lo  detect 

vith  certainty  the  eepu-ate  constituents  of  the  foregoing  tuntalatea, 
^luobtttt»,  and  titanatea,  which  may  contain,  in  addition  to  the  eor- 
Hresponding  acids,  tungstic  acid,  and  its  buses,  lime,  yttria,  zirctinia, 

■  and  oxides  of  cerium,  lanthanium,  iron,  manganese,  uranium,  and  tin. 
H      The  following  method  in  euipluyed  : 

I  1.  A  suflicieut  amount  of  the  very  fine  pt^iwder  is  fused  in  the  pla- 
tinum spoon  with  eight  part«  by  weight  of  bisulphate  of  [jotassa,  p,  110, 
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ill  scvera]  porfcions,  each  portion  being  treated  nutil  everTthing  a 
mclt«d  to  a  clear  fluid,  wbeu  the  mass  is  at  one«  pounxl  out  upon  the 
tUsü  unvil.  \Vhf>n  all  bus  lic«ii  thas  fused  the  mass  is  eruäbKl  in 
the  fiteel  mortar  aud  then  pulverized  as  fine  as  po«fiihlc  in  ihe  sgaM 
mortar.  Thu  powder  is  warmed  with  sullicietit  water^  not  being 
allowed  to  boil,  and  the  following  ingredient?  then  diMolve: 

d'a,  Y,  (Je,  lL«,|Ie,  An,  C; 

while  there  remain  as  a  white  residue : 

'i\v  ^h,  W.  Sn. 

If  the  mineral  contains  Ti,  It,  and  Tb,  a  portion  of  these  is  al«o 
likely  to  remain  undiesulved. 

After  fiUration  ihe  residne  is  washod  with  hot  wat**r,  to  which  a 
few  ditips  uf  itydroehloric  acid  may  well  be  added  to  secure  the  itcrfcct 
sejHiniüün  of  the  sulphate  of  lime  and  sesquiuxide  of  iron,  and  it  nioy 

then  t)e  examined  for  all  the  Kb,  To,  and  S\',  udwelloj^a  iwrtionof  Üw 
Ti.  2r,  und  Tli,  togetbt-r  with  the  trifling  quantity  of  Sn  someiimei 
prescnu 

2,  The  ivsidue  is  dried,  fincly  pulverized,  mixed  with  five  volume* 
of  curb4)uute  of  potttssm  moistened  villi  water,  and  melted  in  ae]»a- 
tmte  portions  on  stont  platinum  wire.  Fig  21.  p.  20,  until  all  it 
in  quiet  fusion,  ihe  melted  mass  being  shukeu  off  after  each  fusion. 
It  is  tlien  pulverized  aud  treated  in  a  porcelain  diib  with  cold  walef, 
to  dissolve  the  excess  of  carbonate  of  potaas»,  the  solntiua  is  drawn 
off  with  a  pipett«,  and  Mie  residue  treated  with  frt:sh  water,  wbieb  it 

h««u-d  to  boiling.  This  dissolvea  Ta,  Kb,  W,  f  h.  and  most  of  tb« 
Sn  combined  with  potASSa»  tearing  the  greater  part  of  the  Ti  aud  all 
of  the  Zr  behind.  The  »dution  ia  filtered  off,  the  residac  wrll 
washed,  and  th«  solntioti  added  to  the  first,  in  cau^  a  portion  of  the 
newly  foruu-d  potasea  salto  was  solable  emi  in  cold  water,  tlie  whole 
aeidiflrd  with  hydrm^hloric  acid,  evaporated  to  dryness  at  a  mod- 
erate h^^t,  and  the  dry  mat»  tivated  with  hot  water.  whtcU  disextlrvl 
the  chlohdr  of  potassian  aod  most  of  the  bichloride  of  tin,  Itraring 

behind  IV  K  b«  th.  aud  \^.  with  a  ttac«  of  So.  The  solntioo,  which 
way  e\u.laiu  tin.  is  trtatrd  with  a  little  enlpliide  nf  ammonium, 
shaken,  aud  a  few  drops  of  dilute  hydrochloric  acid  added  lo  it, 
when  a  yrtlow  pncvipitate  jf  satphiÜe  of  tin  will  fonn  if  tin  is 
prv«rut.  In  \>ider  to  (tw  the  toalalic  w  Mobie  and  from  tungstic 
acid  azkd  bantvxtde  ttf  tin  it  i»  nccwsar;  to  tnat  the  mixcurv  directly 
«pon  the  filter  with  sulphide  of  aMmmioa.    The  Mck  of  the  Taanel 
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IS  closed  with  a  cork,  the  still  moist  mixture  covered  with  sulphide 
of  ammonium,  and  a  watchgtoss  placed  over  the  funnel,  when  the 
whole  is  set  ^ide  in  a  warm  place.  After  all  of  the  tnngsUc  acid  and 
oxide  of  tin  have  been  dissülved  oa  snlphides  the  funnel  is  opened, 
the  solution  allowed  to  flow  off,  and  the  remaining  acid  thoroughly 
washed.  If  it  is  not  white  it  should  be  at  once  covered  with  dilute 
hyilrochloric  acid,  while  on  the  filter,  so  as  to  dissolve  any  traces  of 
snlphide  of  iron  pnt-sent-  The  way  in  which  it  is  further  tfSted  will 
be  given  under  the  examination  for  tnnbilum  and  niobium.  Any 
thoria  present  can  be  separated  by  means  of  oxalic  acid. 

Tlie  dissolved  sulphide  of  tungsten,  with  the  traces  of  sulphidtf  of 
tin  which  may  be  present,  is  thrown  down  by  hydrochloric  or  nitric 
acid,  filtered  o'nt,  and  th«  precipitate,  rich  in  snlpbur,  after  Iwiiig 
freed  from  the  excess  of  sulphur  on  cual  in  0.  F.  and  (ben  thoroughly 
ignitvd,  is  tested  with  S.  Ph.  ou  platinum  wire  for  tuugsfcic  acid,  and 
with  soda  and  borax  ou  coal  for  tin. 

The  residue  which  remains  after  separating  the  Ta,  Sb,  and  \V, 
and  may  contain  Ti,  2r,  and  traces  of  5n,  is  first  tested  with  S.  Ph. 
on  platinnm  wire  for  titanic  acid;  it  is  then  tested  with  soila  on 
platinum  foil,  and  if  during  tiie  fusion  the  fluid  mass  is  clear  where 
most  strongly  heated,  the  residue  consists  only  of  titanic  acid,  but 
if  not,  since  /jroonia  does  not  melt  to  a  clear  fluid  mass  with  soda, 
it  consists  of  titanic  acid  and  zirconia,  provided  the  test  with  S.  Ph. 
has  shown  the  presfiice  of  titanic  acid.    A  portion  of  the  residue 

r\j  also  be  tested  for  tin  by  a  reduction  assay. 
3.  To  the  solution  of  the  eulphateS;,  containing  Oe«  hydrochloric 
acid,  ammonia  is  ailded  in  slight  excess  and  with  constant  stirring; 

by  this  mwtns  (assuming  that  the  solution  contains  also  'Pi,  2r,  and 
Th)  are  precipitated,  Ti,  t,Th,2r,  Öe,  La,  Bt,  and  C,  while  Oaand 
Sin  remain  fur  the  most  part  in  solution.  After  filtering  ont  the 
precipitate  and  washing  it  well  with  hot  water,  the  lime  is  tlirowu 
down  from  the  ammoniacal  liltmtc  with  oxalic  acid  and  any  man- 
ganese present  with  S.  Ph.  or  sulphide  of  ammonium. 

4.  The  precipitate  obtained  by  means  of  ammonia  is  washed,  dried, 
and  dissolved  with  the  aid  of  heat  in  sulphuric  acid,  diluted  with  an 
eqtial  amount  of  water.  Water  is  added  to  the  clear  solution  and 
the  whole  boiled,  when  any  titanio  acid  present  is  thrown  down, 
Oltered  out,  and  tested  B.  B. 

fc  6.  The  filtrate  fre«l  from  titanic  acid  is  neutralized  with  potassa, 

^Dtil  it  has  but  a  very  feebly  acid  reaction,  and  is  then  saturated 

TJth  a  concentrated  solution  of  neutral  sulphate  of  potu&sa,  freähly 
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prepared  with  tho  aid  of  heat  Tlie  whole  is  then  allowed  to  cool, 
during  which  time  a  precipitate,  partly  floccnlent  aud  partly  pulver- 
ulent, generally  settle«,  consisting  of  basic  sulphate  of  sircouia  and 
Butpbatcs  of  the  oxides  nf  cerium  and  lanthanium  with  potas-^n.  If 
the  mineral  contain»  thnria  it  is  also  preM*nt  in  this  pn-cipiUte, 
which  is  collected  ou  a  filter  aud  washed  with  a  saturated  soliitiun 
of  sulphate  of  potasaa.  The  filtrate  contain!»  all  of  the  Y.  |!e,  and 
U.  Another  vessel  being  placed  below  the  funnel,  the  salts  on  the 
Alter  are  waslivd  with  purt^r  boiling-hot  water,  ubich  dU^Wes  the 
double  salt-s  of  cerinm  and  lanthnninm,  leaTing  the  basic  sulphate 
tif  zirconia  and  the  euljihate  of  thuria.  Theae  two  can  only  Im?  ^p- 
arated  conveniently  in  case  a  considerable  quantity  Is  treat«<l,  aud 
then  osulic  acid  is  used,  in  which  ibe  zirconia  dii^solres,  while  tboria 
is  insoluble.  The  oxides  of  cerium  and  lanthanium  are  thrown 
down  from  their  solntion  by  i^tAsea  and  then  separated  by  meiuis  of 
dilute  nitric  acid,  vide  cerium  aud  lanthanium. 

6.  The  solution,  which  may  still  contain  V,  Ve,  and  ü,  is  treated 
with  a  slight  excess  of  potassa,  and  all  three  basra  thrown  down  M 
hydratea.  The  precipitate  ia  lranBf(.'rred  to  a  small  filter,  welt  wa^lifd 
with  hot  water,  and  then  modenitfly  heated  in  a  small  porcelain 
vessel  with  a  dilute  solution  of  oxalic  acid,  until  the  residue  appears 
pure  white.  Fe  and  Ü  dissolve,  while  the  oxahite  of  yttria  remains, 
and  i»fter  filtration  is  washed,  dried,  ignited,  and  tested  according  to 
p.  182. 

After  adding  some  nitric  acid  the  &  and  Ü  in  Che  Bolutiun  are 
again  thrown  down  with  potassa,  the  whole  warmed,  filteivd,  wagheil, 
and  the  precipitate,  while  still  moist,  treated  with  rarlionale  uf 
ottiniuuia,  which  dissolves  the  C  and  leaves  the  ^'.  From  the 
anmioniacal  filtrate  the  tt  can  be  thrown  down  by  boiling  the  flnid 
for  »ime  time,  or  by  gradually  adding  hvdnwhiorie  ucid  to  feebly 
acid  reaction  and  then  adding  ammouiiL  The  oxides  thus  separated 
may  then  be  Tery  ««sily  recognized  B.  B.  with  glass  fluxes. 


TTTAXATB. 

PoIyrnf'ffHih. — B.  B.  on  ooal  is  nnchasged.  1>ino1ve8  easily  in 
borax,  the  glass  showing  iron  and.  when  much  is  added,  becoming 
opaque  and  nsually  brownish-yellow  by  fianiing.  With  still  more  it 
becomes  npiupie  on  cooling.  With  tin  the  bead  assumes  n  red  color, 
inclining  to  yellow. 

In  S.  Ph.  dissolves  with  difficnity  to  a  glass,  which  is  reddish  in 
tbn  It.  K.  and  also  when  treated  with  tin. 


TTTRIA— SltlCATES. 
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It  is  decomposi'd  br  soda  und  u.«3iimeä  u  gruyish-rcd.  color,  but  can- 
ot  be  fuseJ.     On  plutiaum  foil  a  niuuguiifse  i*eiicttou.     (Bt:rzelius.) 
The  afrparute  iugredicnU  arc  found  in  the  wet  vay,  06  described 
for  tantaUtte»,  niobutem,  and  titanntea,  p.  1B7. 


SIUCATEfi. 


H     a,  Gadolinite  from  Yttorby,  Finbo.  and  Broddba 

With    rpgrti'd  to  these  gadolinitea   and    their  behavior   Bcrzelias 
inakcis  the  following  obaervations : — 

They  are  of  two  kinds;  one  (a)  as  vitreous  as  if  it  were  a  fmg- 
it  of  blitck  gliiss;  the  other  (/:J)  splintery  i»  its  fnicturc  und  not 
WttTgoly  conchoidul.    It  ia  appurt-nLly  uu  iulinmte  mixture  tif  guUo- 
llinit«  and  orthite. 

V'ar.  a.  If  heated  in  a  matniss,  nearly  to  the  melting  point  of  the 

[glass,  the  uasay  glows  quickly,  us  if  ou  Hre  ;  it  also  swelU  Hninewhut, 

[becomes  light  grayish-green,  and  cracks  here  and  there  if  large.    Oa 

üul  the  same;  it  is  infusible,  hut  the  thin  edges  become  bhiok  iu  a 

[ttrong  Qume. 

V«r.  3-  Alone  it  swells  up  into  caul iflowor-l ike  ramifications  and 
I'becomes  white,  but  st'ldoni  glows  like  variety  a. 

Both  varieties  behave  gimihirly  with  the  glass  fluxes,  dii<8oIviug 

Ixeadily  iu  borax  and  yielding  u  strong  iron  reactiuii.     S.  Ph.  diesulvefc 

Lthem  with  great  difficulty,  the  gln»s  showing  iron,  and  the  frugnient 

|1)ecomiug  rounded,  but  remaining  white  and  opitque,  so  that  the 

silica  is  not  separated  (chief  distinction  fmm  gatlolinite  of  Kitrarf- 

^vel).     With  soda  they  are  dissolved  to  a  reddish-brown,  half  fused 

slag,  but  variety  ß  fuses  to  a  globule,  when  there  is  not  too  much 

soda.     No  manganese  reaction  can  be  obtained. 

AcoonUng  to  Duinour  and  Descloizeaa.x*  ditferent  varieties  ol 
Melinite  from  Ytterby  show  the  following  behavior  B.  B.  .Some 
[yield  water,  glow  more  or  less  brightly,  swell,  and  are  infusible, 
■excepting  one  variety,  which  yields  a  black  e?ag.  The  dark  color  of 
the  mineral  is  changed,  becoming  green  is h -gray  to  grayish-white, 
G.  from  Broddbo  and  Finbo  is  similar;  G.  fi-om  Falilun  yields  water, 
shows  no  perceptible  glowing,  becomes  durk  bn>wn  in  tlie  forceps, 
and  is  infn^ible. 

h>   GiultiUnUt  frum  Kurarfvet.     In  the  matrass  yields  a  littU*  water; 
HpD  coal  whitens,  and  in  a  strong  flame  fuses  to  a  dark  pearl-gray  or 

™      •  Am.  de  Chim.  H  de  Phifs.,  LIX.  357.— Kenn  go«.  Ij'ebmie'U  der  UrmttUale  m/nmrf 
Fonefi.  i.J.  1860,89. 
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reddish,  opaque  ^lass,  v^ithont  swi>1Iiii'£.     Di^^ilvud  retuIiTr  in  boraX' 
to  a  clear  glass,  showing  little  iron.     IT  saturated  tho  opniine  ^lass 
crystallizes  on  cooling  and  htioomoj;  gniv,  inclining  to  red  or  green, 
bot  the  enamel-like  opacity,  atTurded  by  yttria  ali>n<>,  cannot  bo  pro- 
da  ced. 

Dissulvea  in  S.  Ph.,  leaving  a  silica  skeleton  and  forming  a  nonrly 
colorless  glasfs  opalescent  on  cooling.  With  soda  fiise^  with  ditü- 
cnlty  to  a  grayish-rod  slaj^t  Aud  on  platinum  foil  gi\-c'8  a  munganeic 
reaction  (Rerzeling),  Accnrding  to  Damour  and  IK'ScInizeunx  it 
glows  brightly  B.  R,  swella  a  little,  fuses  with  difficulty  un  tht»  edges, 
and  becomes  gray. 

c  Gadotinite  from  Ilittoröe  has  been  chemically  examined  by 
Scheerer.  A  suflicit'ntly  large  fragment  heated  to  low  redn«ss  In  a 
partially  closed  platinum  »poon,  is  observed  to  glow  very  strongly, 
the  light  spreading  from  one  point  thronghnut  the  whole.  B.  B, 
Infusible;  with  the  fluxes  shows  iron  and  silica. 

According  to  Daraonr  and  Descloizeaux.  I.  c,  it  glows  when  heated 
to  redness,  cracks»  remains  tmnapaa-nt,  and  is  infusible. 

d,  Aivite  is  infusible.  With  borax  a  greenish-yelluw  glass,  oolor- 
leäs  on  cooling.  With  S.  I'h.  h  yellow  gliias,  becoming  green  and 
finally  colorless  on  cooling,  and  showing  no  titanium  reootion  with 
tin. 

e.  Murmnnniiff  from  Boden,  near  Marienberg,  is  said  by  Kerndt  to 
behave  like  fM/dent/e  t^om  the  same  place. 

/.  fiodenite  behaves, according  to  Kemdt,  as  follows;  — 

In  the  matrass  yields  a  little  wuter  with  a  bunit  odur  and  assume 
a  light  brownish-yellow  color.  Heated  in  the  platinnm  .spoon  sora« 
pieces  glow  suddenly,  but  more  feebly  than  godulinite  and  without 
decrepitating.  When  more  strongly  heated  the  assay  cracks  open. 
On  coal  it  swells,  turns  dirty  reddish-yellow,  and  finally  fuses  with 
intumesoenoe  to  a  dark,  blebby  glass. 

Dissolves  easily  and  largely  in  borax  to  a  clear  glass,  showing  iron. 
Is  very  readily  decomposed  by  S.  Ph..  leaving  a  silica  skeleton  in  the 
glass,  which  shows  iron,  hut  gives  no  tit;mium  reaction.  With  sixia 
fuses  with  intumescence  to  a  dirty  yellow  slag,  and  on  platinum  foil 
with  nitre  gives  a  manganese  reaction. 

To  detect  yttria  and  the  other  ingredionts,  not  to  be  recognized  by 
the  blowpipe,  the  foregoing  silical^-'S  must  be  examined  Hitb  the  aid 
of  the  wet  process.  If  not  previously  ignited  they  can  be  com- 
pletely decomposed  by  hydn)chloriü  acid,  and  tlie  foüüwing  method 
may  therefore  be  adopted  : — 

1.  The  very  fine  powder  is  heated  with  aqua  r^^  an  til  com* 
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lp!?w!y  3rrnmpos»Ml ;  the  wliule  is  tlion  gently  evaporated  to  dryness, 
tmoislfnLd  «ilh  hydriK-hloric  acid,  the  rcanlting  ealta  dissolved  in  hot 
liriitor,  and  the  setuimted  sUicA  filtered  oat,  after  which  it  is  well 
['WAshiMl  and  can  be  test«!  B.  B. 

The  solution  may  contain  the  following  bases: 

Ca,  Sfg,  5l,  lie,  t",  Ce,  La,  Pe,  Sfn,  with  traces  of  &  and  JÜTa. 

S.  To  separate  these,  excess  of  ammonia  is  graditally  added  to 
the  acid  solntion  and  Si,  Be,  Y.  {^e.  La,  and  Ee  are  thrown  down, 

(leaving  Ca,  ilj;,  and  Mn  dissolved.  Tlie  precipitate  is  collected  on  a 
filler,  well  washed,  and  the  bases  in  the  ammoniaral  filtrate  are  sepa^ 
rated  by  means  of  oxalic  acid  and  S.  Ph.,  p.  15n,  ei  tteq. 

3.  The  precipitate  furmcd  by  nmmonia  geneniUy  contains  but  IitU& 
lUumina  and  glucina  and  is  dissolved  in  a  small  porcelain  dish, 
with  just  the  necegjyiry  amonnt  of  dilnte  hydrochloric  acid,  the  solu- 
tion constantly  titirri-d  and  excess  of  (wtuesa  addt'd,  after  which  the 
whole  is  heated,  but  not  to  boiling.  At  first  all  the  bases  are  thrown- 
down  by  the  potassa,  bnt  ÄI  and  Be  nulitwcdve,  especially  when  the 
solution  is  heated.  After  dilnling  the  whole  with  «ater,  liltt-ring 
and  washing  the  precipitate  thoronghly  with  hot  water,  the  earths  io. 
the  alkaline  iiltratc  arc  separated  as  directed  under  glucina,  p.  178. 

4.  The  moist  precipitate,  containing  1[t  Ce,  La,  and  i^e,  i&  hented 
[with  dilnte  oxalic  acid,  which  removes  the  1^.  The  n-siduo  of 
[oxalates  is  filternd  out,  washed,  dried,  and  igiiit<*d  with  iicct-ss  of  air; 
Whc  resulting  oxides  are  then  dissolved  in  dilute  hydrochloric  acid 

and  eeparnted  by  means  of  »nlphate  of  pota^sn,  as  already  described 
under  ytimcerite,  p.  183.  Tlie  sesquioxide  of  iron  in  the  8ulnliou  is 
thrown  down  by  pota^sa,  after  some  nitric  acid  has  been  added,  and 
lis  tested  B.  B.  ' 


^is  tested  ] 
B     For  Ke 

H      Zirconia  is  of  rare  occurrence  and  is  always  found  in  combinaiinu 
vith  bases  und  acids  in 


SILICATES  CONTAININO  TITANIC   ACID. 

For  Keilhauite,  which  belongs  here,  see  p.  157, 

12.  ZiHCOKiA,  Zr.* 
Itf  occurrence  in  ihe  mintral  hingdom. 


•AccoMini;  lo  L.  8»onbcrK  (Pa;??.  Ann.,  rol.  6S,  p.  317  and  vol.  66,  p.  309),  th? 
sircuoia  otMAluL-«]  Trom  iho  urcun  of  Nurwnv  and  tlic  Uinl  i-uiitainfi  t«'o  otbiT  oxide«, 
DIM  o(  whM-|i  \iK  hüK  ntitncil   iioriA.     Tho  rlmreoleri^ic  qnnliti»  of  Ihtw  n<^w  com- 
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vide  yttri» ; 


Polymipnite, 

Forgusonite, 

^schynite, 

Polycraae, 

Wöblerite  I,  1,— Si,  2r,  Sb,  Öa,*  Ka,  Sin,  |!e,  and  trace«  of  Mg  and 

Eudialyte  (eiicolite),  rtW«  soda; 

<ErBteclite  III,— Ti  and  2r  combined  with  (Ca,  Äg.  $"6),  Sif  3  fl, 
and  traces  uf  Sn ; 

Zircon  (hyacinth)  III, — Zr  Si,  with  a  little  Ee; 

Anerbachite  11 T, — '^t^  Si*,  with  very  Httle  Pe  and  fl; 

Malocon  III,— Zr"  Si  +  |  Ü,  with  a  little  I'^e  and  Äfn; 

Catapleiite  1, 1,— (^a,  Oa)'  Si'  +  2  2r  Öi'  +  4  Ü ; 

Tacliynphaltite  III,  2.— .Si,  Zr,  Th  ?  F.^  Xl.  Ü ; 

Holuiite,  inde  hydrouB  silicates  midcr  lime  ; 

Pyrrhite  3;  it  occurs  at  AlabasVa,  near  MorainsV.  and  is  identified 
by  Teschemachcr  with  a  sinntlar  mineral  which  accompanies 
azorite,  and  is,  aoconliug  to  Hays,  cliiefly  niobate  of  zirconia. 

Mengite  III,  1  (nearly,  in  fi  S) ;  according  to  G.  Rose,  Ti,  Zr,  Se. 

BzamiuaUoa  for  Zlrconia, 

Including  the  blowpipe  characteristics  of  the  minerait  aboife  «i»- 

meraied. 

Wöhlerite  behaves,  according  to  Scheerer,  as  follows: — 
Strongly  heated  fasea  qaietly  to  a  yellowish  glass.     With  borax,  S. 
Ph.,  and  soda  shows  reactions  for  manganese,  iron,  silica,  and  giret 
traces  of  tin. 

To  detect  the  ziroonia  und  hyponiobic  acid  with  certainty,  the 
very  fine  powder  is  heated  with  concentrated  hydrochloric  acid,  nntil 
fully  decomposed.  According  to  Schcerer  this  dissolves  ffa,  Ö», 
Jig,  Zr.  Fe,  and  Sin,  leaving  Si  and  Sb.  The  residue,  collected  on  * 
filter,  well  washed,  and  dried,  is  mixed  and  fused  with  tive  rolnmes 
of  carbonate  of  potaasa,  being  moistened  and  melted  on  platinum 
wire  by  separate  portions,  so  that  after  each  addition  the  melted 
mass  is  clear  and  fluid.  The  beads  shaken  off  from  the  wire,  wbieb 
become  opaqne  on  cooling,  are  pulverized  and  treated  first  with  cold 


poands  hare,  howerer,  not  leca  tccarUelj  examined,  ihroag;h  lack  ofraUalrfe  metbodi 
of  «epanting  thera> 

*  Von  Kobdl  found  äiane  aeid  in  Imwo  wDUerite,  bnt  ihii  hai  be«n  »hown  t»  ht 
&kib)c  acid. 


WRter  in  a  porcelHin  vessel  to  dissolve  out  the  carbonate  and  silioate 
of  pofjissa,  and  after  the  insohihle  salt  has  settled  and  the  super- 
natant liquid  hm  l>een  removed  with  a  pipette,  the  residue  id  di68olved 
in  boiling  water,  the  solution  added  to  the  6r8t  solution,  and  the 
whole  tested  for  the  acids  in  question,  as  will  be  directus!  under 
tantalum  and  niobinm:  or  else  tbe  sulutions  may  be  separately  tested. 
The  acid  solution  of  the  bases  is  treated  with  a  slight  excess  of 
ftinmonia,  which  precipitates  2r,  ^,  and  a  little  Ca.     The  precipitate 
is  filtered  ofT,  washed  with  culd  water, and  warmed  with  dilute  oxalic 
acid,  when  2rand  Fe  dissolve  and  leave  the  lime  as  oxalate.  The  latter 
i  filtered  out  and  some  nitric  acid  added  to  the  filtrate,  after  which 
'  and  1^  are  thrown  down  by  potosso,  collected  on  a  tilti^r,  washed 
rith  hot  water,  dried,  and  gently  ignited  in  the  platinnm  e{K)on.    It- 
Bnst  then  l>e  triturated  in  the  mortar  and  is  afterward  digest*'d  with 
■ydrochloric  acid,  which  removes  IßV  and  leaves  the  zirconiu  almost 
are  whit«.     This  can  be  now  tested  B.  B.,  while  the  oxide  of  iron 
Bay    be    likewise    tested    with    borax,   after   precipitating  it    with 
imonio.     If  the  itrund  £^  precipitate  formed  by  polassa  is  digested 
rith  sulphide  of  amniouium  the  iron  is  converted  into  sulphide»  and 
Irheu  ibe  liquid  is  decanted  from  it,  after  a  time,  an<i  the  black 
sidue  mixed   with   an  aqueous   solution  of  sulphnixjus  acid,  the 
Jphide  of  iron  is  dissolved,  leaving  the  zirconia  nearly  colorless. 
Of  the  other  t>asefl  still  dissolved  in  the  ammoniacal  solution,  viz., 
Ifa,  Oa,  äg,  and  JIn,  the  Ca  is  thrown  down  with  oxalic  acid,  and 
be  S(g,  and  ^fn  with  S.  Ph.,  as  directed  under  lime  and  magnesia. 
Phe  soda  is  iudicated  by  testing  the  mincnil  in  the  forceps. 
Endinltjie  yields  a  little  water  in  the  matnuia,     B.  B.  fuses  easily 
a  greenish-gray  bead;  according  to  Damonr,  to  a  Translucent, 
rk  green  glass,  and  gives  an  intense  reddish-yelluw  tlauie.     With 
Drax  is  easily  dissolved  to  a  clear  glass  which  shows  a  little  iron  and 
annot  be  flamed  opaque.    Is  easily  decomposed  by  S.  J'h^  the  silica 
Iceleton  swelling  so  as  to  alter   the  ruund  shape  uf  the  bead. 
Lccordiug  to  Berzelius,  this  forms  a  distinction  between  eudialyte 
^nd  the  otherwise  similarly  acting  garnet».    With  little  soda  a  diffi- 
itkltly  fusible  glass;  with  more  goes  into  the  coal.    On  platinum  foil 
,  manganese  reaction.    With  a  bead  of  S.  Ph.  containing  oxide  of 
Dpper  a  chloride  of  copper  flame,  vide  chlorine. 
Oehitinizes  with  hydrochloric  aci^ ;  the  acid  solution  diluted  and 
boiled  with  tin,  to  reduce  the  iron  to  protochloride,  impart*  a  deep 
orange  to  turmeric  paper  (reaction  for  zirconia) ;  Pana. 

To  detect  the  zirconia  and  lime  the  tine  powder  is  dissolved  in 
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hydrochloric  add,  Uintalic  add  mid  silica  scimrating,  eTaporat*>d  capp- 
fully  until  nearly  dry.  dissiolvr-d  in  wiiler.  nirric  acid  added  lo  U>Tva 
sedqirichluride  of  iron,  and  the  eohition  filtered.  A  slight  excess  of 
^minonitt  Iwiiig  added  tu  the  Ultratet  ziroonia  and  scsquioside  fti'iron 
%TV  preci{iitated.  with  a  Iittl<'  lime.  Tliie  precipitate  i«  ireau-d  a& 
di.'scribcd  under  wühlerite. 

The  amnuiniacal  solntiou  is  tested  for  lime  with  oxalic  tkcid  and 
for  luanganeäe  with  gulphide  of  ammomum. 

The  gelatinous  eilica  separated  by  hydritehhiric  acid  is  not  tu  In- 
regarded  as  pun*  siHciit  siuee  it  cuntuins.  according  to  RummelitU-rg 
{Poffff.  Ann.,vo].  G3,  p.  14a),a  ncwly-fonned  etiicate  of  2r,  Ca,  and  ft- 
in  definite  proportions.  This  U  obtained  as  a  residue  wlien  thr  well 
washed  silica  i»  dried,  ignited,  and  boilinl  with  carbonate^  of  «oda, 
To  detect  the  meUllic  acids  the  ruäidue  left  by  the  hydrochlorir 
acid  is  treated  according  to  p.  194. 

(Erfifdi/p,  according  to  Forchhaminer,  behares  as  fotlotrs: — 

In  the  matrass  yields  water.  B.  B.  iiifusibl«.  In  l*orax  and  S,  Ph. 
dissolves  with  difficulty  in  the  O.  F.  to  a  oolorles  glass.  With 
S.  Ph.  and  tin  on  eoal  a  titanic  acid  reaction  is  piT>duopd.  if  net 
dissolvi'd  by  soda,  but  with  the  redaction  assay  traocc  of  tin  cnn  br 
fonnd.  (Berzelins.) 

Tlic  zirconia  can  be  detected  by  fusing  the  6ne  powder  with 
eight  times  its  «eight  of  hisulphate  of  pota^sa  in  the  {>Urinan] 
e]>o<>u.  treating  the  powdered  mass  with  water,  altering  oat  the 
silica,  and  then  diluting  with  much  water.  A  few  dn>)i«  of  nitric 
acid  are  now  added  and  the  titanic  acid  thrown  down  as  thnninghly 
as  [nssible  by  oontinued  boiling.  After  settling  this  is  fillertnl  out 
and  the  acid  solution,  containing  2r,  Ca.  äg,  and  1^  treated  with 
ammnnijLf  which  perfectly  8e|ianitefl  the  2r  with  (he  &;  a  little  Ca 
goes  down  with  them,  but  nearly  all  the  äg  retnains  in  solution. 
The  funher  treatment  of  these  bodies  is  indicated  in  the  direcrions 
given  for  the  preceiling  minerals. 

Zircon,  according  to  Rorzelius,  behaves  as  follows  :^ 

The  colorless,  transparent  variety  is  unaltered;  the  clear,  red 
(hyaciHih)  htsvs  color,  becoming  clear  as  water,  or  very  slightly 
yellow.  The  opaque,  brown  rariety  becomes  white  and  resemhieft 
cracked  glass.  The  dark  variety  Erom  Finbo  yields  some  moisture^ 
becomes  milk-white,  and  then  appears  as  if  weathered.  All  an?  peN 
footly  iurusible. 

In  borax  aircoD  dissolves  with  difficulty  to  a  clear  gloss,  with 
which  it  shows  the  same  behavior  ae  Eirconia.  p.  81.  Not 
atUckod   by   S,  Ph.,   the  glo&s  remaining  colorlen  in  0.  F.  and 
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R.  F.  Insoluble  in  soda,  the  edges  only  being  slightly  attarkcd  and 
the  acida  going  into  the  ooaL  Oii  platinum  ibil  moat  zircons  show 
trscee  uf  mnngaoe««. 

Auerbnc/iiie  Ik-have»  lilce  zircon. 

Miihifon,  »eoorait]g  to  Scheerer,  behaves  as  f'ultows: — 

In  the  matniäs  yields  eome  water.  B.  B.  is  inftisible.  The  fine 
splinters  become  white  and  opaque  in  t>oray  and  S.  Ph.,  but  are  not 
tliegolved-  The  extremely  fine  jwwder  Jissolveg  slunly  in  borax, 
showinjz:  a  little  iron;  it  i»  also  decomi-oecd  by  S.  Ph.,  leaving  the 
«ilicu  nloue.     In  small  fhi^meuts  it  ia  not  attacked  by  suda. 

Cntnpltiite  yields  water  in  the  matraas.  B.  B.  fuees  easily  to  a  white 
enaint-L     In  borax  dissulvetii  with  difficnlty  to  a  cU'ar,  colorles»  glat^s. 

Easily  soluble  in  hydrochloric  acid  without  gulaünizing;  tlie 
dilat«  acid  solution  colors  ttirmcric  paper  orange-yelluw  (zircon 
reaction).  Dana. 

TachyaphaltiU  yields  water  containing  flaoriue.  B.  B.  becomes 
white,  bat  doc«  not  fuse. 

Uoimife  (variety  of  »et/UHite).  analyzed  by  Riohardsott,  Iteeomes 
colorlefisand  opaque  B.  B.  and  gives  a  slight  iron  tt-achun  with  borax. 

To  detect  sirconia  in  zircon  and  the  following  mineralR,  their  very 
fine  powder  is  fused  with  oue  and  a  half  volumes  of  soda  and  three 
ol  bomx  on  coal  in  the  O.  F.,  the  clear  bead  pulverized,  treattxl  with 
hydrocliloric  acid,  and  very  gently  evaporated  nairly  to  dnTiess.  so  aa 
to  si-purate  the  silica,  liapid  evaporation  at  a  high  terai>eralure 
would  cause  mnch  zirconia  t^  remain  undissolved  in  the  aubset^uent 
treatment.  Tlie  nearly  dry  mass  is  treatt'd  wilh  a  sutlicient  quantity 
of  water,  and  the  silica  tiltired  out,  after  which  any  prutochloride  of 
iron  must  be  transformed  iuto  sesquicbloride  with  nitric  acid.  The 
zirconia  and  sesquioxide  of  iron  are  then  thrown  down  by  ammonia 
aiid  the  very  volumlnoas  preci]iitate  concentratod,  so  that  it  may  be 
filtered  oat  more  easily,  by  boiling  the  whole.  The  little  yttria  and 
lime  in  malacon  are  here  to  be  disrt'garded.  Th<^  S(^pumti<m  of  the 
BCisquioxide  of  imn  fr(im  the  zirconia  is  etTectcd  as  hefurc  in  case  of 
wohim'te  and  rudialyU^  pp.  194  and  19ü.  The  auimoniacal  fdtrate 
can  be  further  tested  with  oxalic  acid,  salt  of  phosphorus,  and  sul- 
phide of  ammonium,  for  other  constituents. 

Tboria,  said  to  be  present  in  tachyaphaltite,  would  be  found  in 
tho  precipitate  of  sesquioxide  of  iron  and  zircunia,  and  wuuld 
remain  behind  on  digesting  this  in  oxalic  acid. 

Accordinj?  to  Kiohardson,  holmiie  contains  only  2.05  per  cent, 
Kirc^nia.  which  could  not  be  detected  with  certainty  in  the  small 
quantity  heie  treated. 
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13.  Thüru,  Th. 
Its  occurrence  in  tfu  mineral  kingdom. 

Thoria  is  of  very  mre  occaircDOe ;  it  baa  been  fiAud  ; 

a.  lu  a  combiuutiou  of  hj/ponio6ic  acid  or  nio^vacid,  with  BeTenI 
baa^B  in 

Pyrochlore  from  Tarioiu  loculities,  vide  Ume; 
äamar&kit«?.  x'ide  yUvm, 

b.  ConibtDcd  with  silicic  acid  ia 

Tborit«  (and  orangiU*  the  peHowieh  variety)  III,  IG» — lli  Si  +  H 
ll ;  for  ibe  bluck  tlioriie — Th  Si  +  2  H  (Dana).  A  large  propor- 
tion of  other  siliiales  are  prvseiiL,  the  bases  btrlng  ^  ^t  a,  C«, 
Ag.  k\,  £4*,  Sin»  C  ^b,  and  Sn.  Oraugite  contaias  sometimes  a 
little  oside  of  raniidium. 
c  Vf\th  phosphoric  acta  m 

Mouazite,  vide  cerium,  etc^  p.  199. 

Exjiminatioa  for  Tborla, 
Jneludinff  the  bltftcpipe  cJkaracieristic»  of  iht  above  min^raU. 

BILICATK  OF  THORIA. 

Thorite  behaves,  according  to  Bemlios,  as  follows: — 

In  the  matmss  yields  water  and  turns  brownish-red.     B.  B.  OD 

iuftisiblo.     Disaolvrs  easily  in  bttnu  and  the  suturatt^d  glass  is  opwjne 

oa  cooling,  bnt  if  oibervüe  cannot  be  made  opaque  by  flawing. 

Tho  glaas  shows  iron.     With  S.  Ph.  it  loaves  a  silica  skclcioD  ;  the 

glasä  shows  inm  »nd  opalesce«  in  oooling.     With  »xla  on  cual  a 

yellowish -brown  slog;  on  platinum  foil  mangaDeee.     By  a  reduclion 

assay  minut«,  nulK'uble  globules  of  tin  and  lead  are  obt^iued. 

Orangittt  acotmling  to  Hei^gmaoD,  behaves  thus: — 

In  tilt'  pliitiniim  spoon  smutl  splinters  genentllr  crumble  to  a  dark 

brown  ni»ss  and  agHin  assume  their  orange  culur  on  coiilin;;;  the 

larger  fbtguu'nt«  become  ojwquo.     Heated  in  the  alcohol  Üamr  in 

the  forwi«  fmgmonts  .  to  slightly  «nd  particles  whicli  fly 


off  glow  brightly,  with« 


ird  ^b^wing  change  of  oulor.     Infus- 


iblr  on  (."val.  the  rdgi'S  only  being  aometimea  aligfatly  glased,  pt-rhitps 
owing  lo  fort'ijjn  UhHi'*.  With  soda  onl^  the  silica  is  ■ ;  "  1  ;  the 
ivmainiug  suhsmnfX's  can  K-  detected  as  yellowish  |  ^  n  the 

oiMkpit'  gUftsy  m.ti»  with  Uic  nagniAer.  With  burax  a  yeUnwisii 
bead,  t^vlorles«  whi-u  wld;  but  with  S.  Ph.  in  the  0.  F.  a  reddish 
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glass,  colorless  on  cooling,  which  becomes  yeltovish  in  tlie  K.  F.  and 
is  theo  also  colorless  whun  cold. 

To  detect  Um  iburia  iu  tbcee  rainemls  they  are  fused  iu  Bne 
powder,  according  top.  113,  with  soda  and  borax  on  coal  hesidea 
silver  button  in  the  R.  F..  autil  any  oxides  of  tin  and  lead  »re  reduced 
and  nnitcd  with  xho  silver  and  the  fused  f;lasa  appeiii*8  quik*  clear. 
This  is  pulverized  and  treated  as  usual  with  hydriicbloric  acid;  the 
dry  sale  obtained  by  evaporation  is  moistened  with  hydrochloric  acid, 
dissolved  in  water,  and  the  silica  tiltereil  otiL  After  boiling  the 
solution  with  a  ft:w  drujis  of  nitric  seid  Lu  peruxidize  the  iron,  a 
slight  excess  of  ammonia  is  added,  which  throws  down  thoria, 
sesquioxides  of  iron  and  uranium,  and  part  uf  the  proLuxidu  of 
mangaoese.  The  amount  of  alumina  present  ie  not  worthy  of 
notice.  The  washed  precipitate,  while  moist,  h  dissolved  in  dilute 
snlpburlo  acid  and  the  solution  evaporatt-d  tu  a  small  volume. 
During  the  evaporation  neutral  sulphate  of  thoria  SL'parut^fs  as  a 
white,  loose  mass,  from  which  the  acid  solution  of  the  other  t>as«>8  is 
decanted  after  some  time.  This  salt  is  then  washed  with  boiling 
vater,  dried,  and  converted  into  pniv  thoria  by  ignition. 

To  separate  the  thoria  still  cuniained  iu  the  wash-water  und  the 
fiolation  of  the  other  bases»  the  whole  is  evaporated  to  a  rather  small 
volume,  neutralized  with  curbooate  of  soda,  and  then  a  boiling-hot 
satontted  solution  of  sulphate  of  potaaBa  is  added.  Whili;  civuling  a 
double  sutphutti  of  thoria  and  potassa  separates,  which  is  washed 
with  ft  cold,  saturated  solution  of  sulphate  of  potjissa,  and  then 
dissolved  in  boiling-bot  water  couUiiiiing  some  sulphuric  aoid,  afler 
which  the  thoria  is  precipitated  by  ammonia,  dried,  and  ignited. 
The  oxides  of  iron  and  uranium  are  separated  from  the  solution  as 
directed  under  yttria,  p.  190.  The  lime  is  found  iu  the  first  ammo- 
niacal  filtrate  by  adding  oxalic  ncid. 


2.  Zlxaminationa  for  Metals  or  their  Oxides. 


1.  Cericx,  Ce;  Lanthanum,  La;  Diuymiux,  Di. 
Occurrence  of  these  metals  in  the  mifwral  kingdom. 

Cerium  ia  one  of  the  rare  metals  and  occurs  in  the  following 
minerals,  almost  always  in  connection  with  moiv:  or  less  lautlninum 
«nd  didjmium. 

a.  Combined  mt\\  fluorine  as  neutral  fluoride  iu 
Fluocerite  from  Broddho, — Ce  F  with  Ge  P,  incl-  some  iT  and  fi ; 
and  as  basic  fluoride  in 
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Fluocc'riue  from  Pin  bo, — Ge  F*  +  3  Ce  Ö  ; 

Flut»ocrino  from  Riddarhyttan,— (Ce  F  +  3  fl)  +  6e  &; 

Yttrocerite,  vide  lime 

b.  Combiaod  w  ith  phoaphoric  acid  in 

Crj-ptüUte  (phospboceritc), — Cc'  1\  with  a  little  te; 

Monozitoid  2,— (Oe,  La)*  P,  with  u  little  Ta?,  Ob,  and  fi; 

Monazit«  3,— (Ce,  La,  t)i,  Th**)'  F;  Dana.     Also  contains  smalJ 
quantities  of  Oa,  Ag,  and  §d. 

Churcbito,— (t  Oe  +  i  ta)'  "P  +  4  Ö  ;  Dana. 

c.  Viiih  carbonic  acid  iii 

Parisite  1,— Oa  F  +  3  (C«,  La,  Öi)  i^  +  ti.    Dana  gires  (C)e»  hi,  t>i) 

0  +  1  (Ca,  Ce)  F,  making  the  wat^r  accidentat 
Kischtiniite  1,-3  La  C  +  tV  (K,  Ü)*  +  ll; 
Lanihaiiitc  1,— {^a,  Üi)  0  +  3  fl. 

d.  With  variouti  nxetfUlie  acidjtt  as  nitric,  hyponiohiCt  and  titanic 
ueidSy  in 

Pyrochlore,  vide  lime; 
Ferpii8*init*?^ 
^Escbyuilo, 

Euxeitite,  i-  «id«  yttria. 

Poly  erase. 
Poly  n»  ignite, 

Kutbcrfordite.    According  to  Sbcpanl  'Ti,  Oe,  nnd  perhaps  oxides  of 
nraniimi  and  yttrinm.  (Dana.) 
I«.  Wilh  siliric  acid  in  the  folluwing  silicates! 
Coritc  in,  1(»,— (Ce,  La,  t)i)'  Si  +  fi,  with  a  little  Ca  and  te ;  thai 

fh)m  Bastnäs  is  said  to  cout.iin  a  Utile  Ta,  V,  and  Ti ; 

Tritoraitt»  II!  A,  IG,— Si,  Co,  Cv?.  La.  Oa.  and  ll.  wilh  small  quunti- 
tiiü  of  ilg,  Äl,  "t,  5;a.  fe,  il».  Cii,  Sil,  »ud  W ; 

Allanite  (efrinr)  I  A,  ICJ,— 3  ft'  Si  +  K*  Si';  ft  =  fe,  Ce,  L»,  f>i, 
%  t,  >1n;  U  =  Xl,  Pe; 

Urthitv  l-II  A,  ICf',  (x^npoeition  nearly  that  of  aUrmi/^  bnt  con- 
tains iTHtor;  sctnK-hiut'j»  not  more  than  tK>mc  8|)oeimen8  of  albin' 
it«,  of  which  riana  makes  it  a  variety.   KrduutHnif«  is  ver)'  similur 

Pyrortbite  I-ll,  I ;  Si,  t'v,  ^V.  Sin,  'S',  Jtl,  C'a,  with  mnch  waUT  and 
carbunaceuiis  mattvr.     An  Impure  urthite-like  miueruL    (Dana) 

Bodenite  \ 

Miimmontitc,   >  riWeyltria. 

UAdoliutte,        ; 
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/.  lu  »ilicaten  contaiuing  titanic  acid: 
TschefTkinitti  I  A,  IG,— Si,  Ti,  Öe,  Lu,  t>\,  f'e,  Ca,  and  very  einull 

quantities  of  >lp,  iUx,  ft,  J^^a ; 
MosjmdriU>  I  A,  l,~Si,  ti,  Öc,  Lu,  l)i,  Mu.  Ca,  Ag.  ft:,  11. 

(/.  With  phosphoric  aeiti  in 

Churchitc— (f  Ce  +  i  Ca)*  P  +  4  fi,  Dana. 


I 


I 
I 


BxaminaUoa  for  Oerium,  LaaLhaiiun),  and  Didymiom. 

Ineludinß  the  blowpipe  charade ri:itics  of  lite  above  named  miiurala, 

a.  Oenerttl  examination  for  ceriumy  lanthanum^  and  di*ii/mium. 

Th«  great  difficulty  of  completely  fic-jHirating  the  thrwj  oxiiles  from 
one  another  renders  it  eeldom  possible  in  undertake  tbis  with  tbe 
trifling  quantity  i-mplnyed  in  blüwpipo  nnulysis.  The  dxide  of 
oeriiim  can  be  scpurated  in  approximate  purily  from  tbe  nii.xKl 
oxidts  ohtainwl,  after  they  have  been  ignited,  by  firet  treating  them 
with  dilute  and  ihtn  with  cunceniruted  nitric  acid,  which  extructa 
the  lanthanum  und  didyminm.  Upon  evaporating  this  sulution, 
igniting  Jhe  salt,  und  again  tivjting  the  oxides  with  very  dilute 
uitnc  acid,  any  oxide  of  cerium  which  bad  been  dissolved  remains 
now  nodiftäolved.  From  the  solution  of  lanthannm  and  didvmium 
the  oxides  are  thrown  down  with  ammonia  and  dissolwd  in  Milphuric 
acid.  The  dry  salt  being  then  dissolved  to  fatunilion  in  water  at 
43°  to  45*  V.  and  the  solution  warmed  to  100°,  Gulphate  of  lanthanum 
eeparates,  leuving  tbe  didyniium  salt  iu  the  sulutiun,  frum  which  it 
can  be  precipitatt^d  by  p'jtiLSjia.  The  oxides  may  be  obtained  still 
purer  by  repeating  this  proceÄS.  Another  methud,  not  so  suitable 
for  Hmall  quantities,  coubisU  iu  separating  the  oxides  by  nieaus  of 
hydrate  of  pntASfii  and  chlorine. 

Pure  sosquioxide  of  cerium  is  yellow,  inclining  to  red;  tbe  impure 
oxide  i«  brick-red.  Proto-ses(|nioiide,  obtained  by  iguitiiig  tbe 
oxalate*  uf  the  pi-otoxide  in  the  air,  is  white,  with  a  shade  of  yellow, 
aud  is  orange-ped  M'ht^n  hr'utod.  Oxide  of  lanthimnm  is  colorless; 
ignited  oxide  of  didraiinni  i?  white  and  tbe  jwroxide  brown. 

In  many  of  the  abovt:  named  miuei-als,  containing  Wsides  oxides 
of  cerium,  tunthannm,  aud  didyminm,  no  c<m.siderablr  quantity  of 
other  coloring  metallic  oxides,  viz.,  fiuoterik^  tbe  phoiiphafes  and 
earSonatest  and  cerite,  the  oxides  mentioned  can  be  found  witii 
comparative  ease.  AS'ilh  borax  und  K  Ph.  in  the  0.  F.  ivd  or  dark 
yellow  beads  are  obtained,  ueeurdiug  as  more  or  Ivss  Inu  been  dis« 
gulved.  aud  these  loee  their  color  on  cooling,  as  well  as  in  ttie  K.  F.. 
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to  such  on  extent  that  the  S.  Ph.  bead  becomca  quite  culorleea. 
The  biinix  U'ud  can  uIao  be  rendered  optique  or  euamel-white  bj 
fluming,  und  the  mure  quickly  the  le^s  silica  there  is  Id  ibe  mineral 
In  the  other  niiuerula,  which  contain  also  oxidia  of  ir<>n  und 
anuiiuiii.  or  titunic  acid,  the  cerium,  etc.,  cannot  always  be  deU'cted 
with  certrtinty  except  by  "the  aid  of  the  wet  ways,  as  has  been  already 
described  fur  many  uf  tlie  above  miiieraU  under  yttria. 

&  Behavior  of  the  abovt  luimed-minerals  before  tfte  hlow^pik 

FLVOIUUES. 

FlvoctrUe  in  the  matrass  yields  water  and  at  the  melting  point  at 
glass  the  matni^  is  attacked  at  a  distance  fVom  the  assay.  The 
water  co1üi-8  Brazil-wood  ]>aper  yellow  j  the  assay  piece  becomes 
white.  In  the  u{)en  tube,  wlien  the  flame  is  dirtfuied  withi»  th« 
tubo,  tlje  interior  is  attacked;  the  cuudensed  water  turns  Hmzil- 
wood  jtujH-r  yellow,  and  the  assay  piece  assumes  a  dark  y^dluw  color. 
On  coal  infuaible.  but  darktns  iu  color.  With  tuirax  and  S.  Ph. 
reactf;  like  oxide  of  cerium  containing  uxidi-s  of  lantltanuni  and 
didymiiim.  With  soda  it  is  disiutcgratvd  and  swt-lls,  but  is  not 
didsolved  ;  the  soda  goes  into  the  coal,  leaving  a  gray  inaea. 

Fluovcrine  yicliis  water  and  becunics  darker  ^Bi'TZtdius).  Ou 
coal  changes  culor  and  when  heated  ut'sirly  to  redness  upfK-ärs  bUek, 
but  on  coultiig  becomes  dark  brown,  then  flne  red,  and  Hnully  dark 
yellow.  This  change  of  color  distinguishes  it  from  fluoet-rile.  It  ii 
infusible.  With  fluxes  like  fluucerite,  but  is  uut  disiultjgi-uled  by 
soda,  e:tcept  by  a  strong  and  long  uontiuued  blast. 

Fluocerine  from  Riddarhyttau  yields  in  the  matrass  »mie  mois- 
ture, without  alt^'rlng  in  app4.'iLrance  (Ik-rzitlins).  On  cual  iufiisiMt!, 
but  becomes  o]>ac|Ue  at  a  gentle  lieuL  The  same  chung<>s  of  eulur 
are  presented  as  iu  the  foregoing  miueraL  Iu  tiie  o\Kn  tulie  a  struug 
duoriue  reaction.  AVith  borax  and  S.  Ph.  like  the  foregoing.  With 
8oda  ia  not  disintegrated  nor  dissolved,  and  does  uot  twell. 

PHOSPHATES. 

CTurcAiVf.— B.  B.  in  the  tube  yields  acid  water,  becoming  opaque. 
In  0.  F.  becomes  reddish,  and  difficultly  soluble  (?).  With  borai  in 
0.  F.  a  bead,  oruuge-yellov  and  opaline  while  hot,  colorless  or  slightly 
amethystine  whcu  cold.  (Dana.)  * 

Ovypfulite  is  unaltered  by  moderate  heating.  Soluble  in  cx>nwii- 
tra(4-d  sul|thuiic  acid.  PhoHphocerite,  according  to  Chapman,  viiri- 
15e8  parliiilly  on  the  edges,  tinging  the  flame  slightly  green.     Afl^jrds 
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tho  reaction  of  phosphoric  acid  aud  also  of  cerium ;  but  produces 
with  borax  aud  S.  Ph.  a  ghisa,  pule  viulut-blue  when  cold,  owiug 

'either  to  didymium,  or  a  minute  portion  of  cobalt  ore    (Daua). 

ICrj'ptulite  ri'mains  behind   when   thi^  gnvii  mid  ri>ddiiib  apatiii-s  uf 
ndal  ai*e  diääolved  iu  acids»  and  ia  similarly  found  in  the  cobalt 

Forea  of  Tunaberg.  * 

MonaziU. — -B.  B.  becomes  dark  gray»  aud  wlien  Btrongly  heated 
the  crystal  fac«8  become  Instrons.  Moistened  with  sulphnric  acid  it 
givea  a  bluisb-greea  äaine.     Dissolves  in  borax  and  S.  I'h.  tu  a  glass, 

I  yellow  when  hot  and  nearly  colorless  when  cold ;  the  same  in  both 
fiamcs  ;  with  borax  in  the  R.  F.  the  strongly  satuiuted  ^lass  becomes 
enamel-white  by  darning.  With  S,  Ph.  and  tin  on  cual  a  uligbt 
titaninm  reaction.  With  soda  on  coal  a  httle  tin  is  obtained,  and 
on  platinum  toil  a  manganese  reaction.  With  borucic  acid  and  iron 
phosphide  of  iron  is  formed.  (Kersteu.) 

Monazitoid  yields  water.  B.  B.  becomes  strongly  luminous, 
without  fusing.     With  fluxes  hke  moiiazite.     (Hermauu.) 

CABBONATES. 

Parisitt  in  the  matrass  yields  water  and  carbonic  acid,  becoming 
^cinnamon  brown  aud  friiible.  B.  B.  photüplioreücet»,  but  is  infusible. 
With  borax  a  yellow  bead,  culurlcss  on  cooling  (Bnnseu).  With 
fused  S.  Ph.  in  the  open  tul>e  gives  the  fluorine  reaction.  (Dana.) 

KUchtimite  yields  wutt-r  und  bocomt-s  darker  in  the  nuitrass.  B.  B. 
at  a  moderate  heat  becomes  dull,  opaline,  and  yellow ;  ut  a  higher 
heat  glows,  and  when  cold  has  a  high  hustre  and  is  brick-red.  With 
borax  in  0.  F.  a  glass,  yellowiäb-red  when  hot,  feebly  yellowish  ou 
cooling;  iu  K.  K  feebly  yellowish  while  hot  and  colorless  when  cold. 
With  S.  Pb.  bebavL-B  quilts  similarly. 

Lanthanite  from  Bethlcbem,  Penn.,  becomes  white  when  heated, 
then  bntwn.  and  is  infusible.  With  horux  a  bluish  ght&a,  growing 
brown  on  cooliug  aud  liuully  umelbyst-red. 

SILICATEa. 

a.  Cerite  yields  water  and  becomes  quite  opaque  in  the  nnitrass. 
On  coal  springs  about  and  is  iufuäible.  Dissohes  slowly  in  borax, 
giving  in  O.  F.  a  di-ep,  dark  ydlow  glaes,  bccnming  liglit<*r  on  cooling, 
aud  which  can  be  llameil  oi>aque.  Iu  K.  F.  the  glass  shows  a  feeble 
iron  color.  By  S.  Ph.  the  oxide  of  cerium  is  extracted  with  the 
usual  play  of  ooturs;  the  glass  appears  colorU'SS  when  cold  aud  a 
white,  ojiaque  silica  skeleton  remains.  Undissolved  by  soda,  but 
I  alf  fuwd  to  a  dork  yellow  slaggy  mass.     (Berzellus.) 
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^  Tritomite  yields  waU-r  and  give«  t\  fet'blo  fltuii-inp  reucfion  ia  the 
mutroÄS.  B.  U.  burus  white,  awulla  somewliat,  bet-uints  cracked,  and 
occasionally  dccro])i lares  with  >iolence.  Uieaolvca  in  homx  ia  0.  F. 
to  u  reddish -yL'llow  ghiaji,  colürless  on  oooliug.  Tbe  üuely  pulverized 
mineral  is  deconipused  ,by  hydrochloric  acid,  wich  evolution  of 
uliluriuu  und  ^epamtiou  of  gdutiuotis  »ilicu.  (N.  J.  Uerlin.) 

c.  Allanite  {cerine  fruiu  Bastiiua)  yield»  iu  the  mui.rus8  sonic  wottrr 
without  changing  it«  apix-amnc«;  the  water  is  not  therefore  cbem- 
icaily  combined.  B.  13.  fuses  eaaily  wilh  inrumestx-nce  to  u  black, 
lostrona,  vitroons  bead.  Dissolves  etuiily  in  borax  tu  a  black,  opuqu« 
glass^  which  becomes  bluod-red^  however,  iu  O.  F.  while  hot,  and 
more  or  less  dark  yellow  after  cooling;  in  R,  R  it  ussunieg  a  fine, 
irüu-green  uoUir.  Does  not  become  upafjue  by  fliimiiig.  S.  Ph. 
decamposeä  it,  leaving  a  Gilica  skeleton.  The  glass  ehow»  the  iron 
color  while  hut,  but  in  cooling  becomes  colorleäs  and  ci{)alcäcent. 
(Berzcliuä.) 

Damour  and  Degcloizcaux  {Ann.  de  Chinu  et  de  Phyn.  I^lX..  360} 
have  tested  Hilaiiit^^  from  vuriuuB  sources.  That  from  Hustiia»  yields 
uo  water  and  fuses  quietly  to  a  black,  magnetic  glass.  That  from 
Hitter&e  yields  some  water  and  ia  easily  fusible,  with  fonnation  nf 
bubbles,  hut  williont  intiimesoence,  to  a  black  maguotic  enamel. 
Various  allanites  from  Greenland  yield  a  little  wator  in  the  matrass, 
swelling  much  at  the  same  time,  and  forming  a  8püu;2;y.  gray  mass, 
which  heat-etl  a  short  time  H.  11  ia  converted  into  a  black  niugnetio 
glass. 

d,  Ortkite  from  Finbo  and  üottlicbsgang,  as  well  as  fivm  granite 
near  Stockholm  and  S&derkOjnng,  yields  water  in  the  matra^H  and 
becomes  lighter  in  colur  at  a  higher  heat.  On  coal  iniiiniesces, 
becomes  yellowish-brown,  and  finally  fuees  with  ebullition  to  a  black, 
blebby  glass.  Dissolves  readily  in  bonuc  to  b  glass,  blood-red  in 
0.  K.  and  yellow  when  ct)ld.  In  U.  F.  grofn.  Is  easily  dccomjwscd 
by  S.  Ph.  with  the  usual  phenomena.  With  a  very  little  soda  fas«; 
with  more  swells  to  a  grayish -yellow  slag.  On  platinum  shows 
manganese.  (Rerzelius.) 

According  I«  Damour  and  Descloizcanx  (1.  c.)  ovthite  from 
Sinirttm  yielil«  wut^r  and  fuses  with  difficulty  to  u  black,  mu^netio 
flhig;  siniiliu*  reactions  are  shown  by  various  ortlutes  from  Uitloröe, 
some  of  which  assume  a  gray  color  in  the  mati^ss;  by  the  urahv 
thite  from  Miask.  as  wi-Il  as  orthites  from  St<tckholm  (one  variety 
fuses  to  a  gnivijih.  hiebby.  feeVily  nniguftic  enamel)  and  Arvndal. 
Orthite  IVom  Fahlun  beonmea  white  B.  B.  and  fuses  on  the  edges  to 
a  white  cnutnel.     0.  from  Greenland  yit-lds  some  water,  intumcsc« 
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strongly,  and  forms  a  gray  maM.  which  fiises,  in  one  viiri<^ty,  to  a 
grayieii-blacfc,  very  sUghlly  niugiietic  enamel;  in  the  other,  to  a 
brownish-^ray  »coria,  ond  in  R.  F.  to  a  blnck  nrngnetic  enamel. 

«.  Pt/rorfhiie  (containing  oiie-thiitl  its  weight  of  carbon)  bi-baves, 
according  to  Borzelius,  m  follows : — 

In  the  mutruss  yielda  wry  much  water,  the  la^t  portiun^  lR*ing 
yellowish  and  having  a  burnt  odor.  The  reeiduc  is  as  black  as  coal. 
Geutly  heated  on  coal  and  afterward  ignited  at  one  point,  it  takes 
lire  and  glows  of  itaelf.  The  conibuslion  is  more  lively  with  sevenil 
fragments,  or  with  course  pow<liT,  and  when  blown  npon.  It  leaves 
the  mineral  white^  or  grayitjh-whitu,  sometimes  inclining  to  red»  and 
BO  light  and  porous  that  it  will  not  remain  on  the  ci.al  befuro  the 
blowpijx.'  dame.  In  the  foreepa  it  fnsea  with  diflieulty  to  a  blrn-k 
beud  with  a  dull  surface.  With  borux  and  soda  like  orthite.  Di*- 
solvee  with  diffiotilty  in  S.  ?b..  the  porouä  mags  remaining  on  the 
aarface  of  the  flnid  )x^ad,  but  sinking  into  it  on  cooling.  It  emerges 
again  on  being  re-heated. 

To  detect  the  separate  elements  in  the  fiiregoing  siliotttes  a  proper 
amount  of  the  (ine  powder  is  treated  with  aqua  regia  in  a  i)orceluin 
vessel,  evaporated  to  drynoss,  disisolved  in  water,  and  the  silica 
filter«!  onl.  Ammonia  is  added  in  slight  excess  to  the  fiUmti*  and 
throws  down  |!e,  Ce,  La,  {>\,  and  Xl ;  leaving  most  of  the  Ca,  ilg, 
and  tin.  By  digesting  the  washed  precipitate,  after  filtration,  with 
:i  iiolntion  of  pot-assa  S^l  is  sepiiruted  and  can  be  obtained  from  the 
alkuUue  »duiion  iis  directed  Ibr  silicutes  under  alumina.  The 
metÄllic  o^idefr  freed  fVom  Ä1  are  treated  while  still  moist  with  not 
too  concentrated  a  mlution  of  oxalic  acid  and  warmed ;  this  diusolves 
the  iron,  and  the  other  oxides  settle  to  the  bottom  in  combination 
with  oxalic  acid,  as  A  heavy  crystalline  powder.  These  salts  are 
filtered  ont,  washed  with  cold  water,  and  ignited  in  the  platinum 
capsule.  The  separation  of  the  three  oxides  baa  been  described  on 
p,  20L  After  adding  a  little  nitric  acid  to  the  filtrate  the  oxide  of 
iron  can  be  thrown  down  with  potasaa  and  tested  B.  B,  with  borax. 
I  The  further  treatment  of  the  lime,  etc,  has  been  given  under  the 
eiutha. 

SILICATES   CONTAINING   TITANIC   ACID. 

Tschefkiniie  behaves,  according  to  G.  Rose,  as  follows  :— 

In  the   matrnsa  swells  and  yields  a  little  water,    B.  B.  glows  at 

first,  then  ininmesces  strougly,  becomes  bruwu  and  finally  fuses  to 

a  black  bead.     Its  powder  dissolves  rather  easily  in  borax  to  a  clear 

glaaa,  slightly  colored  by  iron ;  a  small  quantity  yields  a  perfectly 
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clear  glass.  Tn  S.  Pb.  the  Bume^  but  dis^ul\e8  more  slowly,  n^d  when 
mnch  is  (idde<l  silica  sopftriitfs  and  the  bead  opalesces  uti  cooling. 
Fnsee  with  Bixla,  but  aoou  spreads  out  and  sioks  into  the  coal.  By 
washing  away  the  coal  a  few  spangles  of  iron  are  obtained.  Oo 
platinum  aliow«  tnutigunesi'. 

Mosandrite, — This  mineral,  which  occurs  with  Uucopkanitej  has 
been  desoribod  by  Krdmann.  In  the  tnatniss  it  yields  much  water 
and  turns  brownish-yellow  when  heated  to  ru-dness.  B.  B.  lus«» 
easily  with  intumescence  to  a  brownish -green,  semi-lustroits  bead. 
With  borax  dissolves  eafily  to  an  amethyst-rod  bead,  yollowish  and 
nearly  colorless  in  R,  F.  With  S,  Ph.  gives  a  silica  skeleton  and  in 
the  R  F.  the  titanium  reaction.  With  soda  on  platinum  foil  showi 
manganese.  To  determine  such  constituent«  of  the^e  two  silicates 
ns  cannot  be  detected  in  the  dry  w-ay,  their  fine  powder  is  digested  at 
a  very  gentle  he^it  with  hydrochloric  acid,  until  it  is  thoroughly 
decomposed,  when  it  is  diluted  with  water  and  the  silica  filtered  out. 
This  may  be  tested  B.  B.  as  to  purity,  after  being  washed.  The 
filtmte  is  heated  to  boiling  and  a  little  nitric  acid  added  to  form 
eesquichloride  of  iron,  and  as  some  titanic  acid  is  liable  to  separate,  it 
is  filtered  ont  and  a  slight  excess  of  ammonia  added  to  t)ie  filtrate 
Üe,  Iä,  Di,  Fe,  and  1*1  are  throflm  down,  leaving  Ca,  Stg,  Mn,  K, 
and  iin  iu  solution.  The  precipitate  is  filtered  out,  washed  with 
cold  water,  and  treated  with  a  dilute  solution  of  oxalic  acid,  which 
difisolve«  out  )h  and  1*1,  leaving  Ce,  La,  and  J3i  behind  as  oxalate«. 
The  former  are  precipitated  by  potass»  and  separated  by  dissolving 
them  in  a  little  dilute  sulphuric  acid,  adding  a  few  drops  of  nitric 
acid,  diluting  with  much  water,  and  boiling  until  as  much  titanic 
acid  is  prceipiinted  as  possible. 

This  separatiou  is  really  unnecessary  as  the  presence  of  titanic 
acid  and  iron  can  be  detected  with  certainty  in  the  pota«sa  precipi- 
tate by  means  of  borax  and  S.  Pli.,  vide  titanic  acid. 

The  undissolved  oxalates  are  ignited  and  txeated  as  before,  p.  301, 
and  the  bases  in  the  ammoniacal  solution  are  also  separated  by  the 
methods  previously  made  known. 


S.  Makoaxese,  Mn. 

IU  oemmmr«  »fi  the  mtHeral  kingdom  and  in  vnetnUuryic^l  proäueU, 

Manganese  forms  an  essential  constituent  of  several  minerals, 
differing  oonsidenibly  in  ehemical  composition;  it  ia  fuand  in  th« 
followicg  combinations: 


a.  With  arsenic  in 
Kaueite, — Mn'  As. 

6.  With  aulphuT  in 
AlabandiU'  (mangaDblende), — Mn; 
Hauiirite, — iffn. 

c.  As  oxide,  either /rp<j,  or  cora'jined  with  wnffr  of  Ayrfm/(o»,  m 
Haasmannite  (black  manganese). — ^iix  J3n,  sometimes  containiug  a 

little  ßa.  Si,  and  Ü  ;  or  Sin*  i\n  (Danu); 
BrauTiite, — Sto,  frequently  with  a  little  £ja,  Si,  and  fi;  Duna  give3 

the  formula  2  Sin'  S!n  +  Kfn  Si ; 
Pyrolußite  (gray  manganese), — fln,  with  frequently  a  little  It».  Si, 

and  ll ; 
Polianite  (a  very  pnre  pyrolnsitc  with  less  water  than  any  other 

manganese  ore,  which  contains  chiefly  ^n ;  also  very  little  Xl 

and]ße); 
Munganite, — 'S^n  fl; 

Peilomelane,— (Sfn,  fta,  "&.)  An  +  fl  (Rammelsberg) ; 
Varvocite. — An  It  4-  jfin,  possihly  only  a  mixture  of  both  ; 
Wad,  probably  resalting  fVom   the  alteration  of  other  manganese 

ores.     It  consists  principally  of  ^w,  i^n,  and  fi,  but  nsnally 

contains  more  or  less  tV.  Ä1,  lia,  Si,  etc. ; 
Gron>ilite,  Tery  similar  to  wad,  is  chiefly  Sin  +  fi,  but  mixed  with 

lUn  +  Ü,  und  containing  a  little  ^  and  clay; 
Pyrochroite,— (Sin,  Älg)  fi ;  (Dana). 

d.  With  other  metaUic  oxides ; 

f«.  Vfiih  proltmde  of  cobait  in 
»lite  (earthy  cobalt),— Stn,  Co  (on),  tt ;  sometimes  mixed  with 
Se,  Co'  Xa,  and  silicates  of  alumina.    The  black  miTicral  fnim 
Kamsdorf  near  Snalfeld  is,  aftcoi*ding  to  I^ammelsberg,  (Co,  Cu) 
Sin'  +  4  ti,  and  contains  19.4   per  cent  Co  =  15.4  per  cent 
Co. 
ß.  With  oxide»  of  tine  and  iron  in 
Fninklinite, — (Pgj  An,  itlu)*  (Bv,  Su),  occasionally  ömtaiiiing  a 

»little  5i,  Xl,  and  Sfg. 
y.  With  oWrf*f  of  copper  in 
Creduerite,— Cu'  iÄn',  iucl  IJa  and  a  little  Ca,  with  33.7  per  cent 
Cu; 
_  lAmpadite  (capreous  manganese), — (Cn,  An)   Sin'  +  2  tl,  inch  i 
little  Co,  Ch.  ha,  Älg,  and  £,  with  about  12  \wt  cent  Cu. 
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e.  Combined  with  acids. 

a.  With  sulphuric  acid  in 
Fauserite,— Sig  5*  +  2  Sin  S*  +  15  Ö  (Dana) ; 
Apjühnitc  {manganese  ahwi),  vide  magnesia. 

ß.  "With  phosphoric  acid  in 
Hureanlite,— (iln,  l\)'  P'  +  5  Ü  ; 

Triplite  from   Limoges, — f'e*   P  +  lEin*  P,  incl.  a  little  Ca;   Dana 
gives  V.  Kobell's   formula  as   fi'P  +  RF;ll  =  if'e  +  i  An. 
and  R  =  1  Ca  +  2  Mg  +  3  Fe,  for  a  triplite  from  Schlackenwald; 
Zwieselite,— (fe,  Sin)*  P  +  (Fe,  Mn)  F,  with  a  little  Si; 

IlL'terosite,— 3  (f  e,  itln)'  P'  +  5  S  ;  perhaps  altered  triphylite ; 
Triplijiite.  vide  lithia. 

7.  Witl»  carbonic  acid  in 
Khodoohrosite  (dialogite).-^Slu  C,  but  may  generally  be  expressed 

by  the  formula  (An.  J'e,  öa,  jiCg)  C ; 
Manganocaleit4\— (Ca,  Sig)  C  +  2  (f  e,  Jin)  C. 

(S.  With  tnn(jsfir  acid  in 
Mogabasite.— (Nin.  fe)*  W*; 
llnebnorito. — Sin  W  (Dana); 
Wolframite,  ride  iron. 

s.  Witli  tantnliv  and  hi/ftoniobie  acids  in 
TantaHte  and  tvlumbite,  ride  iron. 

^.  With  silicic  <:cid  in  tlie  follo\ring  silicates: 
rirtlmontiie  I  A.  3.-3  Oa*  ?i  +  "J  {Un,  ÄI.  It)'  5i'; 
Partsohiuito. — >i.  X\,  tV.  Sin  (-'i>  jvr  cent.),  Oa; 

1     Sin   Si;    the    rvlatoil    minerals  allagite,  photicite, 
j  o\>nuvus  manganese  {horn  mangan),  hydropit, 

Rh^nlonito,      J^  are  niisturvs  of  homstone  and  silicate  of  mau- 

j  ganoso  and  partly  also  of  bomstone  with  rhodo 

I  ohrwjite: 

IVviirv'i:^  J-H.  Uu-Mu'  Si.  oxol.  fe.  Ca.  SXg.  fi; 

Kuolv.::o  IIU  tVi.     \\  iV  -  \  SiwY  ?:.  with  abont  35  per  cent  An; 

tVwUnto  y:'".  ■  '"■  ■  <  'V-  :■■'•!!'-*.—(  Sill.  tV.  2n,  Äg,  Ca)  Si; 
Maf.i:a;u*.\  M;ivk  ^.'.■v:t:c  •,>:".  I  A  {M •."■j'^nJcinxfl.  tckmrarxer;  perhaps 

M.*r^v'i-v  .■   '■■■■■'■<  \     SUn*  >;'.:v:- Filiale  Ee. 

.\v^^•-^■..'■iC  :o  Ki 'r  ;:'.^,  rV'.v'w.i.j;  «.vmbinations  also  occur: 
Wu'  m'  *  -•  rt  '.Vvixi  K'..i-     "I;  :r.m  che  suae  place  (t  fin* 
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If  +  e  \\}  4  3  (ß*  >l  +  3  I'l) ;  ftleo  (3  SUi*  Si'  +  Ö)  +  Pc  3', 
arid  (3  ft'  Si  +  I  tin- 1  U  äi'.  Perhaps  witli  these  should  be 
joined  witfinf/iir,  striitoprt'le  (with  8  iht  ueuL  Slg),  and  neolodte, 

HelvJte,  pt'ti«  gluciua ; 

Bpessartite  (mangauese-ftlumina  garnet)  I,  2, — 3  Mn'  5i -I- Xl' Si\ 
also  conUiiiing  some  ^'cj 

Oarpfaolite,  vide  alumina; 

Troostite,  vitle  sine. 

•     n.  Wilh  arwnic  acid  in 

Chondrnroonite,  1;  essentially  An*  Xb  •¥  d|  H,  exd.  some  Ca  SLod 
Ug. 
«.  With  boradc  acid  iu 
8aa»site.— (I  (An,  Sg)  +  ^  fl)'  B,or  (iSln,  ifg)«  B  +  ft  (Bnisb). 

The  nuineroiiB  other  bilicates  cuiitainiiig  munpiticsc  biive  Iie«tt 
alrcttdr  partly  enumerated  under  the  alkulioji  and  i-urtlits  aud  the 
rrmainder  will  be  mentioned  uodt^r  tlit;  fullowiiig  metala,  etc. 

Miingunoso  also  forms  a  frequent  constituent  of  various  D»^;^tllll^^- 
gicul  products,  occurring  in  the  metidlic  state  in  raw  iron  and  steel  j 
iritli  ffulphnr  in  the  various  matt-like  products  from  the  smelting  of 
certain  silver^  lend,  und  copper  ores,  and  c8iK«ialIy  also  ne  protoxide 
witti  silicic  acid  in  the  ditKi-ent  slags. 

Bxamlnatlon  for  BCanffanat« 

Tnciuding  th€  blowpipe  chttrncieriatics   of  the  mitttrai»  above  enti- 

itif  rated. 

tu  Oeueral  examination  for  viangantute. 

Manganese  can  be  very  easily  detected  in  snbstances  containing, 
besides  oxide  of  mtmganese,  no  other  metallie  oxides  which  give 
colored  glasses  with  bonis  and  S.  Ph.,  by  simjdy  dissolving  them  in 
those  fluxes  on  platinum  wire  in  the  O.  F.  aud  then  treating  the 
bead  with  the  K.  F.  The  hot  beads  apj>e»r  arnethyst-ped.  hut  ou 
cooling  arw  red  inclining  to  violet,  and  lose  their  color  when  treated 
for  some  lime  in  the  ^L  F»  especially  ou  coal.  S.  Ph.  it^ /ar  less 
intensely  colontl  than  l«>rav  and  the  color  disappears  much  more 
readily  in  the  It,  F.,  ride  tables,  p.  105.  should  a  email  proi>ortion 
of  other  coloring  oxides  be  present  they  alter  the  amethyst  color 
obtained  in  0.  F.  slightly  or  not  at  all»  but  occasionally  show  their 
owu  {vcuiiur  color  atYer  (he  nian^'une^  colurutiun  han  di8ap|K>ared 
ander  the  K.  F^  t.  g.,  sesquiuxide  of  kon.    Should  the  amount  »f 
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tiiaWy  pnb'aiiite,  pifroluitiff,  and  ffroroHiie.,  vhi-r\  heated  to  ri?dn 
uff  oiygtii,  which  may  be  reooguizeU  by  mouua  of  a  little 
uf  charcoal  pluccd  ia  the  uiatruäs. 

Thoy  dissolve  in  borax  und  S.  V\i.,  some  of  thrm  with  cfterc 
»•nee,  produced  by  eecuping  oxygen,  and  either  behave  like  pi 
oxide  of  manganese,  or  after  reduction  show  iron,  p.  300,     Thi 
frecinently  contain  a  small  aniuuiit  of  alkalios,  baryto^or  lime,  vhici 
nmr  1h^  dctcctHl  by  igniting  them  thoionghly  in  the  0.  F.,  larinj 
them  on  plutinnm  foil,  moistening  them  with  a  few  drop«  of  watei 
and  after  some  time  testing  this  water  with  rod  litmus  papi-r.    On 
dissolving  snch  an  oxide  of  manganese  in  hydrochloric  acid  chloritid 
id  evolved  aud  any  silica  present  remnius  behind.    The  solutiün  may 
then   be  further   examined  as   directed   under  baryta  and    lime. 
PyrochroUe  yields  much  wutt^r  in  the  mutruss,  becomes  green,  tbuii 
greenish-gray^  and  finally  bruwnish-black.  mM 

OXIDES  OF   »AKOAXESE  COUBIXEO   WITH  OTHER  HETALLIO  OXIDES. 

Bhich  earthy  cobalt  from  Saalfeld  yields  water,  which  hasabitntt      i 

odor.  B.  B.  in  the  forceps  and  on  coal  is  infusible,  but  if  iV  «^^f^l 
present  it  gives  a  light  blue  flunu*.  und  on  coal  evolves  u  fceUe 
odor  of  arsenic.  With  borax  in  0.  F.  a  dark  violet  gla«s,  smah- 
blne  in  R.  F.  In  S.  ?h.  only  the  cobalt  color,  but  the  saturated 
bead  livnted  on  coal  with  tin  beoomes  opaqae*red  on  cooling.  tid$ 
copper.  Is  uoi  dissolved  by  soda,  but  gives  a  strong  manganese^, 
reaction  with  soda  nnd  nitre  w^k 

The  same  mineral  from  Schneeberg  yields  water  in  the  matraffl^* 
With  borax  and  soda  lik<!  the  above;  hut  with  S.  Ph.  shows  only  the 
cobalt  reaction, 

Many  fo-called  earthy  cobalts  contain  so  Httle  Co  and  to  much 
Mn  that  a  very  large  amount  must  be  dissolved  in  the  borax  bead 
and  tliis  treated  for  a  luug  time  in  a  good  R.  F.  in  order  to  prodaoe^H 
blue  oolor.  ^^ 

Frankliniie  alone  is  infusible ;  the  moistened  powder  treated  some 
time  on  coal  in  a  strong  R.  F.  yields  a  very  distinct  ziue  coat.  With 
lK>rax  and  S.  Ph.  j;hows  manganese;  but  the  somewhat  strungljr 
saturated  borax  bead  is  rather  red.  and  on  ooal  in  the  U.  F.  become* 
Wlie-greeu  from  prolo-^esqnioxide  of  iron»  AVith  sodaon platinum 
foil  shows  manganese,  and  on  coal  a  slight  zinc  coat,  U-cuniinj 
ikroDger  when  some  boritx  is  added. 

Crednerife  fuses  only  on  tlie  edges  of  very  tbin  Kales,    Wjlh  bo 
a  dark  violet  glass ;  with  S.  Ph.  a  green  glass,  bine  when  cold,  and 


in^ 

r«3^^ 


ööppor- 

ydrucbluric  acid,  with  evuliiUou  of  oliluriuc.  (Kauimelsberg.) 
LampadUe  ur  cupreouf  fnanyaiuute  yields  rauch  water  in  the 
nuitmäs  and  tlicn  defrrepitat«^»  R<>m*'what.  In  U.  F.  on  co»I  hpcoinos 
broHiJ.  but  is  infueibk.  Wiih  vhe  fluxes  atforda  iTacliuns  for  cop|ier 
•ud  mun^uncsc',  and  with  soda  aud  borax  in  H.  F.  on  coal  jielda  n 
llttW  butluu  uf  copper. 


I 


COMBIKATIOMft  OF   PBOTOXtDB   OP    MAKOANBSB   WITH   ACIDS. 

The  plioä))hateä  of  mangunest',  including  hnrtnulUc,  tripUts^ 
ticiffdiie,  heferosite,  and  triphylitr^  yield  more  or  lees  water.  Ü.  B. 
f\i8e  rery  euily  to  a  globule  und  color  the  flanie.  Those  free  from 
lithia  give  a  bluiäh-grui'u,  phosjihoric  acid  ttame ;  the  othei-;t  produce 
a  red  coloration  at  t}ie  same  tinir.  With  the  fluxes  react  for  man- 
gouese  and  iron. 

Afegnhasite  behaves  like  wo^fraviUe^  p,  331. 

Uuehnerite, — lu  the  forcepis  \\;^&  fusible  t\\&nico\fTamite ;  with  the 
fluxes  gives  manganese  and  tungstie  Hcid  reactions.  (Dauu.) 

Hkodochrmite  and  tnattffanuathnte  ucca^ionally  yield  some  wal^r 
and  ofVcu  decrepitate  very  violently.  Tliorou-^lily  ignit*'d  on  roal 
and  nioislenod  with  water,  tliey  generally  have  an  alkallue  reaction 
oa  red  litmus  paper,  owing  to  the  presence  of  lime.  They  dissolve 
in  the  fluxe«  witli  etferveaoeuce,  owing  tu  escaping  carbonic  acid,  and 
i^flot  like  oxide  of  manganese  containing  imn. 

Chondraraenite  decrepitatea  In  the  closed  tube,  blackens,  aud  f^ives 
neutral  water.  Ou  charcoal  fuses  easily  to  a  black  bead,  not  mag- 
netic; in  R.  F.  gives  arsenical  fumes.  With  Ijorax  a  mangauese 
reiction.  (Dana.) 

SitsstxiU  behaves,  according  to  Brush,  as  follows; — 

In  the  closed  tube  darkens  slightly  aud  yields  water,  eonbiining 
at  least  a  trace  of  boracic  acid.  Fuses  in  the  candle  flame.  B.  B.  in 
O.  F  yields  a  black  crystalline  mass,  and  culors  the  flame  intensely 
yellowish-green.     With  the  fluxes  alfurds  the  niangiinese  n;actiün8. 


SILICATES. 

Part  of  the  silicates  enumerated  on  p.  208,  yield  some  water  in 
the  matrass,  which  occasionally  has  a  burnt  odor.  Their  fusibility 
is  indicaU-d  by  the  annexed  (igures.  With  b<^nLx  diss^dve  easily  to  a 
clear  gl.iss.  shuwing  mangau»-Se  »nd  mure^  ur  b-s«  iron.  With  S.  Ph 
yield  a  silica  skeleton  and  a  manganese  glass,  generally  colorless  in 
the  B   P.»  bot  sometimes  opalescent  on  cooling. 
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sexquioxido  of  iron  be  hiT^,  thn  bead  appc>Ar8  blood*red  in  the  0. 
and  yellow  after  shurt  treatmeut  iu  the  R.  F.  When  the  amount  of 
manganegt:  is  considerable  the  oseav  should  bo  qnickly 
pinched  togctlier  a  littlenffeerthc  riHluctJou,  or  else  shaken 
off  from  the  wire,  so  that  it  may  cool  immi'diately  and  not  giv»«  the 
pi-utoxidi!  of  niangiintai!  nn  opiwrtunity  to  color  Ibe  hexid  a^ikin  bj 
becoming  more  highly  oxidized.  If  there  Is  not  manganese  enough 
to  color  the  S.  Ph.  brad,  the  latter,  after  a  sufficient  qnnnlity  of  the 
sah«tnnce  hais  been  dissolved  in  it,  ie  bi"onght  in  contact  with  a  little 
crystal  of  nitre,  which  cauBcs  it  to  froth  nj)  and  a£^ume  on  cooling 
an  amethyst,  or  feeble  rose  color,  according  to  the  amount  of  man- 
^ncsc  present.  'J'he  small  fragment  of  nitre  is  placed  near  by  od  a 
porcelain  dish,  and  the  bead  after  being  elrongly  heated  on  the  wire 
in  the  0.  F.  is  qnickly  hronght  against  it,  when  the  two  salt«  nnite 
and  permanganate'  of  [wtassu  is  formed  by  the  resulting  uxidatioji. 
The  evolution  of  gas  causes  the  glass  to  froth  up,  and  it  may  show_ 
the  red  color  only  when  cold.  On  treating  it  again  in  the  flame  i 
reaction  produced  by  the  nitre  entirely  disappears. 

Another  method  mnet  be  employed  to  detect  manganese  in  coi 
|w)unda  containing  more  than  a  small  pro|K)rtion  of  diiitinctly~ 
coloring  oxides.  'L'he  best  reagent  is  soda,  which  in  all  cases  gives  the 
most  characteristic  reaction  for  manganese.  If  there  is  not  less  than 
0. 1  per  cent. of  oxide  of  mauganese  present  the  powdered  6nt>8tano(!  ii 
miiigUd  with  two  or  three  volumes  of  soda  and  fused  on  platinam 
foil  in  the  0.  F.  The  oxide  of  manganese  dissolves  in  the  soda  to 
a  transparent,  green  mass,  ctmsisling  of  manganate  of  soda,  wtuVh 
flows  aronnd  the  nndissolved  portion  and  on  cooling  is  distinciiy 
blnish-greeu.  If  there  is  less  than  0. 1  percent,  uf  manganese  tbisgrfen 
colur  is  not  so  easily  obtained,  but  by  employing  two  parts  of  scH» 
and  one  of  nitre  all  of  the  oxide  of  manganese  is  more  higlilv 
oxidizA'd  and  the  least  trace  of  it  colors  the  soda  distinctly  blaisfa- 
green,  after  the  assay  is  perfectly  cold. 

To  obtain  a  certain  manganese  reaction  from  garnets^  Fischtf 
(Lmtih.  Jahrb.  1801,  65.S)  has  recommended  to  dissolve  not  to(j  littl« 
of  the  mineral  in  a  borax  bead  and  then  to  fuse  this  with  soda  on 
platinum  foil,  when  the  manganese  reaction  is  more  distinct  ihsQ 
witH^  soda  alone.  (Chapman  proposed  this  method  for  limeeton^ 
etc.,  aa  early  as  1853.— Transl.) 

The  presence  of  sesquioxide  of  chromium  gives  rise  to  yell"* 
alkalini'  ehromntcs  when  soda  and  nitre  »re  nsed,  hut  this  in  no  ws) 
conceals  the  green  color  of  the  alkaline  manganato,  since  vh^ 
Txide  of  chromium  is  fused  on  platinnm  foil  with  equal  parts  otsoA* 
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fuid  nitre  a  very  trifling  qaantity  of  manganese  may  be  detected  by 
the  green  color  of  the  perfectly  cold,  fused  maes.  Tliie  green  \a, 
hovever,  no  longer  bluish»  but  yellowish-greoii. 

Minerals  containing  any  oxide  of  manganeso,  higher  than  the 
protoxide,  evolve  chlorine  when  heatt*d  with  hydrochloric  acid,  and 
this  c&n  be  detected  by  its  ixlor. 

Metallic  compounds  must  be  dissolved  in  nitric  acid,  evaporated 
to  dryne«,  the  salts  decomposed  by  ignition,  and  the  riwulting  oxide« 
tested  for  maogauese  with  etnla  and  uitiv,  aa  above,     ««uiiie  Af»«i)ii!«» 

If  the  mbstance  consists  of,  or  contains  «nlphides     "iJ  öoiphWoi. 
or  ATsenidea  of  the  metals,  it  must  be  roaatcd  on  coal,  p.  77,  before 
the  »boTP  tests  for  matigaueso  can  lie  applied. 

When  the  substance  contains  silica  and  protoxide  of 
oobalt  at  t-he  same  time,  e.  g.,  an  ore  dressed  in  the  ki^c  "*' 
way,  the  alwve  treatment  with  soda  yields  a  bluü'  mass,  consisting  of 
oxide  of  cobalt  dissolved  in  silicate  of  soda,  by  which  th«  gret?n  of 
the  manganese  is  entirely  concealed.  After  separating  the  silica 
and  other  iujuriuns  iugredieula,  however,  by  fuöiou  with  soda 
and  borax  and  subsequent  treatment  in  the  wet  way,  as  directed 
for  silicate«  under  lime,  p.  155,  the  manganese  can  be  found  with 
certainty. 

h'  Blowpipe  eharacUriitic*  of  the  minerals  enumerated  above, 

AKSEKIDB  OF  VAKQAKESE. 

'nneiie  bums  on  coal  with  a  blue  flame  and  yields  a  coat  of 
arsenous  acid  (Kane).  The  residue  undoubtedly  gives  manganese 
reactions. 

BULPHIDE  OP  VAKOAXESE. 

n.  Alabanditfi  is  unchanged  in  the  closed  tube.  In  the  open  tube 
yields  sulphurous  acid  and  turns  grayish -green  on  the  surface.  When 
thoroughly  roasted  on  coal,  which  occurs  very  slowly,  it  reacts  like 
pure  oxide  of  manganese. 

h,  Ilauerile  yields  sulphur  in  the  closed  tube  and  becomes  green. 
la  the  open  tube  yields  mnch  sulphurous  acid  and  becomes  green 
on  the  eurfaoe.  When  well  roasted  reacts  like  oxide  of  manganese 
with  the  Suxes. 

OXIDES  OP  MANOAN'ESE. 

Most  of  the  oxides,  viz.,  hnusmnnrn'/Pj  hraunite,  manganittL, 
ptilorruflane,  varvacife,  and  wad  yield  more  or  less  water  in  the 
matnas,  and  snob  aa  cuntain  a  higher  proportion  of  oxygen,  espe- 
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fiiaXly  pr/lia II  iie.  jiyrohn«ite,&n\\  ffroroili/f,  wficn  lieated  to  rvdnes»  girf 
off  oxygi'ii,  wliicli  mav  l)e  recognized  by  meuus  of  a  little  fragment 
of  charcoal  placed  in  the  matrass. 

They  dissolr«  in  borax  and  S.  Ph.,  Bome  of  them  with  efTerre 
(Ä'nce,  produced  by  eecttpiiig  oxygen,  and  cither  behave  like  p« 
oxide  nt  manganese,  or  alter  reduction  show  iron,  p.  209.  Thoy 
frequently  contain  a  small  amount  of  alkalies,  bar3'ta,ür  lime,  which 
may  be  detected  by  igniting  them  thoroughly  in  the  0.  F.,  laying 
tliem  on  platinum  foil,  moistening  them  with  a  few  drops  ot  water, 
and  after  some  lime  teeting  thia  wau-r  witli  rod  litmus  paper.  On 
disäolving  such  an  oxide  of  mangane«ein  hydrochloric  noid  chlorine 
is  evolved  and  any  silica  present  remains  behind.  The  solution  mar 
then  be  further  examined  as  directed  under  baryta  and  lime 
Pyrochroiie  yields  raueh  water  in  the  matruK«,  becomes  green,  then 
greenish -gray,  and  finally  brown  iah- black. 


OXIDES  OF   MA3TGAXE3E  COMBrXED   WITH  OTHER  METALLIC   OXIDES. 

Bla€k  earthy  cobalt  from  Saalfetd  yields  water,  which  has  a  burnt 

odor.    B.  B.  in  the  forceps  and  on  coal  is  inttisible,  but  if  Co*  Xs  is 

present  it  gives  a  light  blue  flame,  and  on  roal  evolves  a  feeble 
odor  of  arsenic.  With  Ixinut  iu  0.  F.  a  dark  viulel  giaäö.  sniult- 
blne  in  R  F.  In  S.  Ph.  only  the  cobalt  color,  but  the  saturated 
l>ead  treated  on  coal  with  tin  becomes  opaque-red  on  cooling,  n't/« 
copj>er.  is  not  diäsolved  by  sodur  hut  gives  a  strong  rauiigauese 
reucti<in  with  (toda  and  nitre. 

The  same  mineral  from  Schneeberg  yields  water  in  the  matrass. 
With  borax  and  soda  like  the  above ;  hi]t  with  S.  Ph.  shows  only  the 
cobalt  reliction. 

Many  su-calied  earthy  cobalts  contain  so  little  Co  and  so  much 
Mu  that  a  very  large  amount  must  be  di.ssolved  in  the  bonu  bead 
and  this  treated  for  a  long  time  in  a  good  B.  F.  in  order  to  produce  a 
blue  color. 

/VflnX/iniV«  alone  is  infusible;  the  moistened  powder  treated  sonie 
time  on  coal  in  a  strong  R.  F.  yields  a  very  distinct  xinc  coat.  With 
berax  and  S.  Ph.  shows  manganese;  but  the  somewhat  strongly 
sulni'iited  h<>rax  head  is  rather  red,  and  on  coal  in  the  R.  F.  becontee 
bottle-gi*een  from  proio-sesquioxide  of  iron.  With  soda  on  platinum 
foil  shows  manganese^  and  on  coal  a  slight  zinc  coat,  t>eCi)ming 
stronger  when  some  bonix  is  added. 

Crednerik  fuses  only  on  the  edges  of  very  thin  scales.  With  borax 
a  dark  violet  glass;  with  S.  Ph.  a  green  glass,  Mae  when  cold,  and 
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beooiTiing  copper-red  in  H.  F.     DifisolvoB  to  a  grvtcn  eoliition  ill 
hydixioliluricacid,  with  tvolntion  of  cliloHue.    (Kauiiuylaberg.) 

Lampadite  or  cuprfoun   manganese    yioldn   mnoh    water  in   thi 
mutnisäaiid  tlieti  ducrtfjiitati-'g  sumf^whuL     lu  It  F.  on  coul  becüinos 
brown,  but  is  iofufibk.     With  the  fluxes  aflurda  nactiüiis  fur  copper 
ujjd  wungaiit'äe,  and  with  soda  and  bonu  in    R.  K.  on  coul  fieldJs  a 
liltle  button  of  copper. 

COUBIXATIOXS  OF   PSOTOXIDE   OF   UAXOANESE   WITU   ACID3. 

The  phoBphatt's  of  nningiintw.',  including  hurenulile,  triplii^ 
tn'ieftelite,  hHervsite-,  and  trij>fit/Hte,  yield  more  or  less  watiT.  B.  B. 
fuse  very  easily  to  a  globule  and  color  the  flame.  Tliosc  fvise  f^om 
lithia  give  a  bluish-greeu,  pEiusphoric  w.-id  flame;  the  others  produce 
A  red  coloration  at  lite  same  time.  With  the  fln\eä  I'caul  fur  mau- 
goneae  and  iron. 

.Veffn/tojtite  behaves  like  wolframite^  p,  ^31. 

Htirhueriff. — In  tlie  forceps  le*«  fusible  ihamcolframite  j  with  the 
fluxes  gives  manganese  and  tnngstic  acid  reactions.   (Dana.) 

lih/xloc/tronitfi  and  viangamii-.nidte  occasionally  yield  some  water 
and  of>.ea  decrepitate  very  violently.  Thoroughly  ignitL*d  on  coal 
and  moistened  with  water,  they  genendly  have  an  alkaline  naction 
on  red  litmus  paper,  owing  to  the  preflonce  of  lime.  They  di^golvc 
in  the  fluxeä  with  ufierveBeeuee,  owing  to  escaping  carbonic  acid,  and 
react  like  oxide  of  manganese  containing  iron. 

C%o«(/r«rj*e//z7((  decrepitates  in  the  closed  lube,  blackens,  and  gives 
neutral  water.  On  charcoal  fuses  easily  to  a  black  bead,  nut  mag* 
Dutic;  in  R.  F.  gives  arsenical  fumes.  With  borax  a  niangauesu 
reiction.  (Dana.) 

Sussexite  behaves,  according  to  Brnsh,  as  follows  :— 

Tn  the  closed  tube  darkens  «lightly  and  yields  water,  containing 
at  least  a  trace  of  bontcic  acid.  Fases  in  the  candle  flame.  B.  B.  in 
0.  F  yields  a  black  crystalline  mass,  »nd  colors  the  flame  ititensely 
yellowish-green.     With  thf  fluxes  attords  the  manganese  reactions. 


BIU0ATE8. 

Part  of  the  silicates  enumerated  on  p.  308,  yield  some  water  in 
the  matrass,  which  occasionally  hiis  a  burnt  oilor.  Their  fnsibilily 
in  indicated  by  the  annpxcd  (ignn-R.  With  borax  dissulve  easily  to  a 
clear  gi^sK.  showing  nningauese  and  mon?  or  h'ss  iron.  With  S.  Ph 
yield  a  silica  skeleton  anci  a  manganese  glups,  gfiu-mlly  oilorloss  in 
rhe  B   K.,  but  Eoznetimes  opalescent  on  cooling. 
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They  fuse  with  little  scxJii  to  a  bUck  bead,  with  more  ^ield  a 
difficultly  fusible  slag,  tinü  jin  excess  of  soda  goes  into  the  cxial. 
When  it  is  ueceBdarr  to  determine  auy  earthy  admixtorea  the 
method  described  for  silicates  under  lime,  p.  15fi,  is  followed. 

c  Examination  for  manganege  in  metallurgical  producU. 

In  raw  iron  and  :sfeel  miinganese  can  only  be  fonud  after  eolation 
in  nitric  »cid,  as  directed  fur  metallic  comiMmndi^,  p.  2l(X 

Matt-like  producta,  viz^  Rohsteiny  lead  matt»  coftptr  matt^  etc, 
»re  poM'dered  and  thoroughly  roasted  ou  coa!,  after  which  the  oxidei 
formed  are  tested  with  soda  aud  nitrv,  according  t>o  ]>.  210. 

The  method  of  detectiug  niangancBe  in  dresecd  ores  aud  slags  hac 
already  been  described  under  Unic,  p.  153. 


3.  Ieon,  Fe. 

Its  occurrence  in  the  mineral  kingdom  and  in  metaUurtjical 

product». 

Iron  is  very  widely  spread  throughout  nature,  occurring  in  mnst" 
minera]»,  aUhough  sometimet;  only  in  trace».      It  is  fouud    under 
variuus  conditiouä  in  the  following  minerals: 

a.  Metallicr  au 

Native  iron, — Fe,  in  grains  and  scales,  frequently  cuutaining  carbon 

(graphite)  aud  more  rarely  lead  aud  copper  j 
Meteoric  iron, — Fe,  with  more  or  less  Ni  and  small  quantities  of  Co, 

Mn,  Cu,  Cr,  So,  Mg,  Si,  C,  CI,  S,  and  P; 
Iron-plaiiuiim  (Eisonplatin),  We/e  platinum. 

b.  Combined  with  aruenic  in 

Leucopyrite, — Fc  As,  but  containing  sometiraea  luurly  9  per  cent,  of 

arsenopyriie. 
e.  Combined  with  arsenic  and  mlphttr  in 
Araenopyrite  (miitpickel), — Fe  S'  +  Fe  As,  with  33.5  per  oent.  Fe ; 
Danaite  [cohaltic  ar,tenopi/rite),—{YQ,  Cn)  S'  +  (Fe,  Co)  A«,  with  4 

to  9  per  cent,  of  iron  replaced  by  cobalt; 
Qlaticodot,  vide  cobalt 

d.  Combined  with  sulphur  in 
Pyrrhotite   {maf/rwlic  pyrites), — te"  ^*  with  60.8   Fe    (Kammela- 

berg) ;   or  6  Fe  S  +  Fe  S*  (Dana).     Moat  Tarieties  ooniain  a 

little  Ni. 


tUOK. 
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Pyrite,— Fe,  with  46  :o  49  per  ceut  Fe;  flrequently  oonUming  a 

little  Aö  and  sometimes  thallium  ; 
Uarca&ite  (incladiog  radiated,  cockscwnb,  spear,  capillary,   hepatic, 

tlc^  pyrites),— Fe  I  its  HabiUtj  to  become  weathered  has  bten 

attributed  by  Berzeliue  to  an  admixture  of  Fe;  certain  varieties 
of  hepatic  pyriteä  cutituiii  a  littU'  thallium; 

LoDübidite» — re  with  44  per  cent  As;  perhaps  a  mixture  of  mar- 

casite  and  arsenopyrite ; 
Focito.— Fe  S*  +  4  Fe  As  (Dana) ; 
Kyrofiite. — probably  marcasite  containing  some  Cn  and  Aa 

Various  other  combinations  of  iron  and  sulphur  form  a  more 
or  leRS  esfpntial  tngnnlieiit  of  many   mioeriils,   which    will  be 
ennrai-rated  nnder  Co,  Ni,  Zn,  Sn,  Cu,  Ag,  and  Sb. 
e.  With  phi»phoru8  in 
Bchreibcrsite  ;  P,  Fe,  Ni,  and  a  little  Co. 

/.  As  oxi'rff,  either/r«,  or  combined  with  water  of  hydration,  in 
j^Jlagnetitv  {magnetic  iron  ore)y — ^<i  Pe,  with  72.4  Fo,  and  often  a 

little  5l a  and  Si: 
Ochreuus  magnetite  {Eig6nmubn)t~'{^e,  an)  Iße,  with  57.1  Fe  and 

13.2  Mn,  also  a  litllt^  Cu  aud  Si ; 
Ueraatite  {red  iron  ore,  specular  iron), — 1^,  with  70  Fe  and  some' 

times  a  little  chromium  or  titanium; 
■^Turgite,— S^'  fl  with  G6.3  Fe ; 
liimouit«  {hog  ore^  brown  iron  ore,  ochre,  clay-irondone,  in  part), — 

IPe'  Ö'  with  59.9  Fe;  occasionally  Si,  3än,  Xl,  T,  and  truces  of 
Ca  and  Co ; 

GSthite  {lepidocrocite,  needl«-ironstane,  pyrrhostdcrite),^Ve  fl,  with 
62.9  Fe ;  sometimes  mixed  with  Slu  und  Si,  raurt?  rarely  con- 
taining Ou  and  S^e'  V ; 

Xanthoaiderite  (yellow  ochre,  bog  ore,  in  part),— 1^  fl'  with  57.1  Fe, 
and  some  Si,  'Xl,  ^n,  Ca  C,  and  Sfg  C; 

Limnite  {yellow  ochre,  pt.),— Pe  Ü*; 

Clay-ironstone,  a  mixture  of  IJmonite  with  olay  in  part,  including 
piwtKHc  ore  {Boknerz)  j 

Bog  ore  (partly  Hmonite  and  partly  xanthosiderite),  a  hydrated  sea- 
qnioxide  of  iron  with  Sin,  sand  and  admixtures  of  phosphate, 
silicate,  and  organic  salts  {humie  acid)  of  Iße  and  V'e ; 

Ochre,  deposited  from  springs  and  consisting  esäeutially  of  £^  it", 
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but  conUiniog  small  qimntittes  of  other  meiaUio  oxides  and 

earths. 
^.  As  axide  combined  with  other  oxides. 
a.  With  mafftiMia  io 
Maguosiufcrrit«.  vide  magoesia. 

/3.  With  oxides  of  manganese  and  ziiie  in 
Frunkliuito,  vide  mangnneac. 

y.  With  oxido  of  chromium  in 
Cliromitti  {chromic  tVo«), — (Pe,  Cr,  Jilg)  (Cr,  1^,  Xl),  occasionally 

also  ooiitjiining  a  little  ikn  und  Si;  the  amouut  of  Pe  vuries 

fn>ni  20  to  3«  |K'r  ceuU 
A,  Combiiu*d  with  otnds. 
«.  With  chlorine  iu 
Molysiti-,->VCl'; 
Kn-rn.rsiU',  rw/f  potassa. 

i.  With  auiphurie  acid  in 
Mchiittt'rile  (royi/irrrt.*), — f'e  5  +  7  fl,  with  25.8  ?e;  taurincite  from 

L'ri,  Switzerlatiil,  is  SHid  to  have  the  same  (vin[K)silioti    (Dauu); 
PiaaniUs— (On,  tv)  S  +  7  fl,  with  ia9  t'e; 
Botryogen.— Pe'  5*  f  3  I^e  S'  +  36  &,  but  some  of  the  I^b  repl 

by  Üg  and  Oa ; 
VoUaite,  vide   ^KituHsa; 
RcPintrile,— iiruhahly  [(fe,  2n)  B  +  I'e  S']  +12  fl,  with   20.7  »e' 

and  7.U  f*«  (Rammelsberg) ; 
Ualotrichit*^,— iP'c  5  +  Xl  S*  +  A4  fl  with  7.6  fe,  bat  always  mixed 

witii  morv  or  K-«s  sulpbat«  of  irvm  ;  Dana  gires  %S  fi ; 
Olock(<ritc,-¥;>*  K  +  G  n  with  63.4  ft^  and  sometimes  a  little  ^ 

and  Cu; 
Apstrlit«.— »0*  S>  +  2  fi  with  53J>  ft»; 
Fibntf.*rritr.— R;'  h*  ^  27  fl  with  34.4  Fe; 
Üopiapit<s— !<•'  S'  +  aa  fi,  excL  a  littl«  Xl,  Oa,  S(g,  and  Si; 
ätTpttcit<^-4^^  ?^*  4-  10  fl ;  Daoa  makes  it  identical  with^^ro/Vrrtfs; 
CfM|ttimbite>— £e  K*  +  9  fi,  with  39  ¥^  and  Bi»  ggfeum  and 

aa  impuritif«. 
Oarphofident«.— Sie*  ^  ^  13  fi; 
JarosiliN— (ft  I^>  ?  4-  1^  ^  4-  10  f!  with  51.4  Fe;  two  other  varieti« 

stjird  f?#tffi»H#n  contain  4Fe?'r&^-f^9n.  with  4^7 

fw  «Hl^  and  4 TV*?  +  ^a  ^  +  9  H.  with  50  &,  for  the  other ; 
ri«i4ihaiiile.-|XU  Fe)*  S*  +  30  H  (yrrr«  Tanetv),  and  (ki.  &)'  ? 

4  1&  tt  (jrifcn  vahe^);  ike  SV  rarirs  (nim  9l7  to  40  |v^r  cv^u 
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nuiraomlitc,— l?e*  S'  +  7  ll  (Dana); 
Pettkoite,-S,  ^Se,  I'X  (Ü)  (Uaua). 

7.  With  phosphoric  acid  in 
Dufrenit«  (kraurite),— 2  Pe'  P  +  5  ft,  with  62JS  1^.    Hcliiiabel  give« 

for  a  Tarietj  from  Siegen  (tV  1*  +  3  l^e'  P)  +  fi  ; 
Vivimiit«,— 6  (fV  P  +  8  ft)  +  (5c'  P  +  8  ft),  witli  33  per  cent  Pe 

12.2  "^  i  Dana  gives  f'e'  P  +  8  Ö,  with  43  f^e,  for  the  unaltered 
mineml ; 

Diadochit^s— (]Efc'  I**  +  12  ft)  +  2  (Ee  S*  +  12  ft),  with  38.0  Fo; 

Delvanrite, — I!e'  P  +  18  ft  ?,  with  40.4  ^;  n  wel  du/renite  accord- 
ing to  Dana ; 

Peendotriplite,— {IV,  Uu)*  P  +  2  ft,  cxcl.  a  little  Si;  oontainB  61.5 
£!e ;  an  altered  triphylite  (Dana) ; 

Cocoxenito,— ^'  P  +  12  ft,  with  admixturo  of  Si,  Co,  äg,  and  Xl, 
the  lafctor  appearing  to  rephice  gome  %i ;  fluorine  is  also  present; 
the  2e  varies  between  30  and  43  pur  cenU; 

Childrenite,— [2  (te.  Sin,  ilg)*  P  +  Ar  f  ]  +  15  ft,  with  a  little  Si 
as  qtiartx,  and  30.6  f'e ; 

Alluaudit«,— (Sin,   l^a)*  P  +  Pe  P  +  ft,  with  25.G  1^  (Daniour) ; 
supposed  to  be  altered  triplite  (Duna) ; 
JcioferriU-,— (3  ft'  P'  +  4  K'  P)  j-  48  ft  ;  &  =  Ca,  Sig ;  ß  =  fiSe, 
£1,  with  24J)  E^; 
Triphyllt*,  vide  lithia; 
ZwiL-fielite, 
Heteroaite, 
Triplite, 
Hureanlite, . 

6,  With  carbonic  acid  in 
Siderite  {chahjbittj  spathic  tro»),— fe  C  with  G2  f'e  or  48,2  Fe,  but 
genernlly  containing  more  <»r  less  Mn,  Co,  llg,  and  sümetJmes 
An,  so  that  the  general  ibnnula  is  ({"e,  Sin,  2n,  Ca,  ilg)  C ; 
Anlcerite,  rid«  lime. 

c.  With  oxalic  acid  in 
Humholdtine,— 2  f'e  C  +  3  ft,  with  40.5  ^c  ; 

X,.  With  horacic  acidm 
Ugonite,— ÄJ  B'  +  3  ft  with  3T.8  Fe. 


vide  manganese. 
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1).  With  arsenic  acid  in 
ArseniosJderite,— (2  Ca*  Aa  +  3  Fe'  la  +  12  II)  +  8!ö  fi,  with  305 

Pharmacosidorite,— f'e'   Xs  +  Fe*  Ss  +  18  &,  with  37.8  P^e»  and 

aometimes  a  little  P  and  Ou;  Duna  gives  3  1^  As  +  Iße  ä*  -f 

13  fl; 
Scorodite,— |Ee  Xb  -H  4  &,  with  3L6So; 
Beuduulit**, — V,  As,  Ö,  ffe,  fb,  (Cu),  fl ;  the  acida  vwy  in  their 

relative  pmjwrlions  from  very  little  to  nearly  14  per  oent>  in 

diffc-rent specimens;  Dana; 
Pilticite,— (Pf'  Ss*  +  15  Ü)  +  (I^j  S  +  15  Ü)  with  35.5  Ee; 
Canninite,— Pb'  Xs  +  Ö  Fe  Äs,  with  28  Fe; 
Symplcsiie, — t'e,  le'e,  Ss,  fi,  with  a  little  Äi,  Sin,  and  S; 
Clinoclasite,  rtrfe  copper.         * 
ä.  With  tungatic  acid  in 
Wolfmrniu*,  of  which  liiere  are  several  varieLies: 

ihi  W  +  -1  fe  W.  wiih  19.3  t'e,  from  Ehrenfriedersdorf ;  Floare 
Miae.  N.  C,  etc; 

3  Sin  "ft*  +  a  fe  W,  with  9.5  tc,  from  Zinnwald,   Alünbei^ 
Freiberg,  Schlnckcnwald,  Monroe,  Cu; 

4  Mu  W  +  t'e  W,  with  4.7  t'e,  frum  Schhickeuwald  (Sue,  browa- 
ieh-red  needles),  St  Francis  River,  Mo. 

In  diflerent  varieties  a  little  niobic  aad  tunUlic  acid  hare  been 
found. 

FerberiU*,— (f'ts  An)*  W ;  J*e  =  23  to  26  per  cent. ;  Dana. 
I.  With  titanic  add  in 

Menuccauite  (cric/itoHitfj  iVweiuV«,  kibdehphanf,  tpashingfonite,  tMrit«, 
ba^annmeirtUt  menaccaniie).  According  to  MosHiider  and  Rain- 
nielsl)erj:.  isumorpUous  mixtureü  uf  ^e,  Ti,  and  £^%  in  wliii:h 
some  of  the  {"e  is  almost  always  replaced  by  ]flg.  The  dtfTerent 
variotif's  may,  according  to  Itammolsberg,  be  brought  nnder  the 
fuUowing  formnlre: 

Crichtonite,  kibdelophane,  titanic  iron  from  Rio  Chico, — ^e  Ti; 

Titanic  irun  from  Layton'a  Farm» — (t^e,  iSlg)  Ti; 

The  remiiining  varieties  consist  of  m  (I^'e,  An,  Äg)  Ti  +  u  &, 
in  the  following  prupurtions: — 


IB02f. 


»1« 


m 


:    1,— Egerauntl,  KragerÖc,  St  Paura  Bay,  Cii*aaga; 

:    1, — liiiiL'u  lilts,  (ilmenite) ; 

:    1, — Chateau  Richer; 

:    1, — Iserwiose  (mnV«,  pt); 

:    ],— Litchfield,  Ct-,  Tvetlestrand,  Si6-Tok; 

:    Sj — BodvDinuis.  Eitienuch,  liorrajOburg,  UdiluwaUa^ 

tl   1  ;    3, — Aschaffeuburg  J 
I   1  :    4, — SnUrum,  BiuDeutbal,  Oak  Bowery; 
H  I   ^  *    ^1 — ^^'  G^t^i^^  (baaanomelan)  i 

^  I  ^  •  13» — Krageroe,  TavetÄchtbal. 

Farathoritc— f  e,  fl 
«.  With  tanialic  acid  iu 
Tantalite,  ewentUlIy  tV  Ta.  with  more  or  leas  fin  Ta.    Tantalite 
almost  always  contaius  5u  ;  the  French  varieliea  sometimes  2r; 
finally,  W,  as  woll  as  a  little  Oa  and  Ou,  occasionally  arc  present. 

TapioHte,— fe'  Ta',  a  little  Sn;  Dana. 
H  X.  With  fii/poniüi/ic  aciil  in 

Colnmbite  {uiobite). — The   purest  varieties  correspouil,   when    uot 
mure  or  Uss  altered,  to  It  5Ib,  iu  wjiich  ti  —  I*'e,  Slu.     Tht*;  are 

)the  rarietif«  from  Grt^enlaud,  the  Urnen  Mouiitaitiis,  and  tbo 
Ural.  In  yiany  varieties  there  is  a  little  W,  Sn,  and  Cu  ;  that 
from  the  Ilmin  Mountains  also  contains  Ü.    Duna  gives  as  the 

general  fonnnla  (Pe,  Sin)  (Sb,  Ta),  but  writea  Sb  =  Cb; 
Adetpholitc,— Kb,  f'e,  fio,  k  (Dana). 

I».  With  siiieic  acid  in  the  following  silicates: — 
Sideroschisolite  I,  IG,— I'^e*  Si  +  2  Ü,  with  74.6  f>'e  and  a  little  Xl; 

probably  crottstedtite  (Dana) ; 
Cfhamoisite  (Ä#rMt>ri«e)  I,  IG,— Si,  äl,  f'e,  fl,  with  «0.5  to  74.7  te; 
Thunngite  I-II,  IG.— 2  K*'  Si  +  (Xl,  IV-)'  Si  +  4  E,  incL  Mg; 

with  30.7  to  34.5  Fe  and  l;i.l  to  17.0  Pe; 
Cronstedtite  II.  IG»— £V  Si  f  ]ßu  Si  +  3  fl,  hue  contains  some  fin 

and  fig; 
GrOnerite,— li'e  Si,  incl.  a  little  Xl,  Oa,  and  fig;  an  iron  ampMboU; 
Uitiiugerite   {degeröite,  gcotiolife)    11-111,   1.— composilion  variable. 

Some  varieties  from  Riddarhyttan  correspond  to  3  t'e  Si  +  2  Jte 

Si  +  t>  fl,  with  34.4  £!«  and  21.5  Pe ;  but  some  I>e  replaced  by 

Ca  and  fig, 
Gillingite  from  Gilliuge  Grube,  Sweden,  I,  1  (Diioa),— 3  fe  Si  +  8 
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1^  Si  +  9  3,  nearly.     Tbraulitr   fri»m  ficxleiimiiis  is  includei) 

here  hy  Dunu;  its  composition  is  nearly  Ee*  Si*  4-  2  t'e  5i  +  10 

B,  but  varies  aomewhut 
HelftiioUte  1, 1,— Si,  il,  3^,  ^e,  Jifa,  Ü ;  3?e  =  33  per  cent.;  Fe  =  2Ä 

per  cent. ; 
Fayalit«  {iron    cJtrysoUte)  I,   3« — ("e'  Si,   (geUtiuizes   with  acids; 

I>aua) ; 
Ekmannite  11,  1,— 5i,  ^e  (24  to  36  per  cent),  fin,  Mg,  (Xl,  Ee) 

Duim ; 
Jollytu  II-III  A,  10,— 5i.  Xl,  te  {1G.6  jkt  eenL),  Sig,  Ü  ; 
Mftuchlorite  II,  10,— Si,  Ä1,  f'e  (Xfj;,  Cu,  ft,  A»),  Ü; 
Stilpnomeluue  I-H,  S,— 3  H  Si  +  U  Si'  +  4  Ü  ;  ft  =  t'c  (Sfg,  Cb)  ; 

Xylite  II,  2,— Si,  Uvy  t'u,  Älg,  Cu,  ft,  with  37.8  ^;  probably  a 

hydrutis  usbt^Btus  (Duua) ; 
Cbloroi^l  III,  2, — probably  tbe  general  formula  IPt*  Si'  +  4|  ft, or 

(IV,  Pd)  Si'  +  4i  ft  ;  Unna  includes  licre  : 
Koutrouiie  III.  2,  with  30  tu  37  Ißc  and  a  little  Fe,  Xl.  and  ^g; 
Piuguitc  II,  1,  with  30.0  Pe  and  6.8  fe,  also  a  utile  Xl,  fig,  fin;  aud 
Oruniejiitc,  which  is  ttirailar.  but  has  more  Xi  and  \ofs  iron. 
Chalcodite  I,  1  (acourding  to  Brush,  identical  with  stilptuftiielanf 

Dana),  with  20.4  ^Pc  and  16.4  K; 
Anthoaiderite  II,  1,— ItV  Ki'  +  2  ft,  with  35.7  Pe; 
Almandit«  {'wou-aluminai/arwf)  I,  2, — 3  Fe  Si  +  Ä1'  Si',  with  more 

or  less  Ca,  fig,  fin,  and  39.6  Fe;  precious  ffarnet  from  various 

localities  with  25  to  32  Fe;  brown  aud  red gnrtut^  likewiso  from 

rarious  locjilitiea,  with  23.5  to  33.9  Fe; 
Melinite  {GeiberJe,  pt,,  t/cthw  ochre^  pt.)  Ill,  2,— (Fe,  X))'  5i'  +  4  ft, 

with  3G.8  per  cent  1^;  accord.   Hanemanu,  prubuhly   kaolin 

colored  with  hydruted  sebquioxide  of  iron  ; 
ünghwarite  {rhkrapal)  Si,  Fe  (20.8  per  cent.),  ft  aud  a  little  C»; 
CrocidolitCt  md«  soda; 
Kuebelite,  vide  maugauese ; 
Chlüi-ophajite  I,— Fe'  Si  +  ß  ft  ?  (Dana),  with  20.7  Fe,  iucL  a  littJe 

Pyrosmalite  1. 1  (in  nitric  acid), — nearly  (Fe,  fiu)*  Si'  +  2  ft ;  some 

Fe  rcpliiced  by  Ke  (Jl ; 
Green  Jiartli  [ijlttuconitey  pt;  ctladonite,  pt)  I,  3,— Si,  IPe,  Fc,  i&], 

fig,  15:,  T^rt,  Oft,  ft; 
Meteorites,  vide  twtaSda; 


I 


lUOK  321 

Lithomarge  (ferrnginons),  I'lW«  Bltimina. 

J  run  is  fouud  undor  rariuae  conditiona  in  Iho  products  obtained 
by  sm«'ltingore8: 

a.  SU'tultic  in 
I^aw  iron  und  sfeeh  in  combinatiou  witb  more  or  le&B  C  and  a  lilUe 

S,  P,  Si,  Mn,  AI.  (X  Mg,  etc.; 
£eara  {£t!iensaHfn)t  whic))  äoinetimca  form  iu  the  aliaft  ftirnaces 
when  smelting  iron,  copper,  tin,  and  lead  ores,  owing  i-ither  to 
fomt  mistake  in  clmrgiiig  or  1x)  other  causes,  and  which  usually 
consist  of  a  mixture  of  iron   (carburet,  siliciuri't)   and  other 
mi'tuU.  bill  vory  froqueutly  contain  on  adinixtun*  uf  metallic 
suIpbidLtt  and  arscnideti. 
lilork  fo/f/ifr  proil»c«^d  on  the  lai^  scale,  containing  Cu  as  the 
chief  ingredient,  witli  mare  or  lesa  Pb,  Ni,  Co,*  As,  '/,u,  Mo,  Sb,  Ag, 
i»  seldom  fre"-  from  Fe. 

Finally,  a  littl«  iron  is  found  in  nnrefiued  tin,  lead,  and  »inc. 
6.  Combined  with  m-genic  in  llie  varimia  spfisse»  produced  In 
emelling  lead,  silvi-r,  und  cu[>]H'r  uri-a  citiitaining  l<'e,  Ni,  und  Co 
combined  with  As.  The  siM'issi's  vary  greatly  iu  comi)(>Nitiün,,  but 
generally  couaiat  of  (Fe,  Ni,  Co)*  Ae,  and  more  rart-ly  of  K'  A(i,  with 
very  variable  proporlions  of  the  basic  mclals  uud   niiAwl,  or  com- 

liined,  with  more  or  less  t'e,  te,  f*b,  Gu,  Sb,  Zu,  and  Ag. 

The  siMfiss  produced  in  smelling  roasteij  anrifrrons  niispickcl  is  a 
f'om]K)und  of  Fe*  As  with  Fe.  The  cobidt,  spcisä  from  amalt  works 
consists  cliielly  of  (Ni,  Co)'  Aa,  more  rarely  of  (Ni,  Co)*  Aa,  with 
udmittnre  of  ßl ;  it  sometimes  also  coutuina  Fe*  As  and  .\g,  more 
rarely  Cn. 

e.  Combined  with  »nlphur  in  the  various  matt-like  products  from 
the  smelting  of  gold,  silver,  lead,  and  copper  ort'S,  viz.,  in  Hohs/ein 
— Ke"  r\\  combined  with  more  or  less  Pb,  Qu,  Co,  Ni,  Zn,  Ob,  Ag, 
And  somotimea  mixed  with  (Fe,  Ni,  Co)*  As; 
in  /ifvirf  tiinU. — (Fe,  Pb.  Oil)"  Fe,  combined  wilh  more  or  Itws  Co,  Ni, 

f  ftt  * 

Zn,  bb,  Ag,  and  also  frw|uently  mixed  with  (Fe,  Ni,  Co)*  As ; 
in  copfter  tnaif-,  consinling  of  Gn,  Fe,  or  Cn,  Fis  and  Fe  in  varying 
proportions,  or  combined  with  otlier  metallic  sulphides  and  arseu- 
Idt's.  vii.,  hh  iu.  Sb,  Äg.  nn<l  (Ni,  Co)*  As. 

The  same  is  truf?  of  other  i^imilar  pnxlucts  (Leche,  etc.). 

Here  belong  also  the  icaffoUtintj,  fvtty  or  cndmia^  fomu-d  in  the 
fhmace  by  sublimation,  viz.:  RoftofeiibrticJt,  consisting  chiclly  of  Zn, 
bnt  often  combined  with  more  or  less  re,  Pb,  and  small  quantitiet 
of  other  sulphidra ; 
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Gndmiu  from  lead  furnaces  {Bleio/enbrucH),  the   chief  constituent 
being  Pb,  which,  however^  o^a  contains  other  enlphides,  F«, 

Zn,  SU,  and  Ag. 
d.  A»  protoxide  with  ttilica  in  the  vurions  slags. 
«.  K%  proto-sesquinixiäe  in  hammer-scales,  forge-scales,  etc. 
f,  ABprotoxide  with  sulphuric  acid  in  copperu  or  green  vitrioL 


AUor«. 


EzAmination  for  Iron, 

Including  the  blowpipe  characteriMic«  of  the  minerals  and  mHallnr- 
gicai  protiucfs  above  name/l. 

rt.  Examination  for  iron  ingetieraL 

This  is  very  easy,  mnce  iron  in  combination  with  oxygen  impurt»  ft 
characteristic  color  to  b<irax  and  S.  Ph.  and  cannot  be  separutf^d  from 
these  fluxes  in  the  metallic  state  by  the  blowpipe  fiame  alone.  It  if 
only  necessary  to  consider  whether  the  substance«  treated  are  com- 
pounds of  metals,  or  are  metallic  arsenides  or  sulphides,  or  Jinallj 
metallic  oxide& 

If  they  are  alloys  consisting  only  of  difficultly  fusible  mr^tals, 
they  are  fused  beside  borax  on  coal  in  0.  F.,  until  the  glass  is 
sufficiently  colored  with  the  oxides  of  the  easily  oxidizable  metala. 
Should  lead,  tin.  bismuth,  antimony,  or  zinc,  he  present,  howcTcr, 
and  the  compound  be  easily  fusible,  the  R.  F.  is  employed,  and  is 
directed  chiefly  tipon  the  glase,  in  order  not  to  oxidize  and  dissolve 
too  much  of  these  metals.  In  both  cases  the  still  soft  gloss  is  rtmuvrii 
from  the  metallic  button  and  treated  in  R.  F.  on  another  spot,  when 
the  easily  reduoible  metals  are  separatpil,  h'aving  the  iKimx  colored 
bottle-green  by  proto-sesquioxide  of  iruu,  provided  oxide  «f  cnbalt 
does  not  prevent  this  reaction.  If  the  compound  contained  tin,  or 
the  green  glass  is  treated  for  a  moment  in  R.  F.  with  a  bit  of  tin  on 
a  fresh  8}X)t  of  the  coal,  all  the  iron  is  reduced  to  protoxide  and 
appears  pure  vitriol-green. 

Should  it,  however,  appear  blue,  protoxide  of  cobalt  is  present, 
which  conceals  the  iron  color.  In  this  case  the  glass  must  bo  again 
softened  in  the  R  F.,  mostly  removed  from  the  coal  without  any 
adhering  metal,  and  fused  on  platinum  wire  in  a  pure  O.  F.  In  can 
it  should  then  become  so  dark  us  to  be  nearly  opaque,  the  soft  glMS 
is  pinched  out,  eomc  of  it  broken  off  upon  the  anvil,  and  the 
remainder  diluted  with  more  borax.  It  is  then  again  treated  in  the 
0.  F.  until  all  the  iron  is  changed  to  seeqnioxide,  when  it  will  color 
the  borax  yellow  to  brownish-red,  according  to  the  amount  present 
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Sboald  there  be,  besides  the  cobalt,  only  a  trace  of  iron,  ihebutglos« 
will  be  green,  but  when  cold  pure  blue. 

A  larger  amonnt  of  iron  colors  the  hot  glass  darV  green  and  the 
cold  glaM  fine  given,  siuce  tlie  BtL^quioxide,  if  uot  in  excess.  iuipurU 
a  yellow  rolor  tu  the  cold  Iturax  glass,  and  this  with  the  bine  of  the 
cobalt  produces  grten. 

The  metals  nniaining  after  the  treatment  of  the  compound  with 
borax  in  the  R.  F.  may  Botni'linies  «-onsist.  almoHt  entirely  of  eoppei 
and  nickel,  since  the  volatile  metals  arc  mustly  driven  off  and  coat 
the  coal  with  oxides,  and  they  may  be  easily  recogniBed  by  fnrther 
treatment  with  borux  or  S.  Ph.,  as  will  be  dirucled  uuder  the  exuni- 
iaations  for  the  re^ipectivo  metals.  If  quite  infusible  cnmpdund«  arc 
to  be  treflt4>d,  in  which,  besides  iron  and  some  of  the  above  metals, 
nickel  is  also  present,  the  safest  way  is  to  disgulve  a  little  of  (lie 
substance  in  nitiic  acid  and  continne  the  pruct'ss  as  will  bedegcribeil 
under  na/ive  iron,  „„^,„  ,aiphid€. 

Compounds  of  metallic  stilphides  and  arsenides  may  ■"«' «f"-'"*!" 
be  examined  for  iron  in  two  wuys.  In  tliü  llrist  the  ussuy  is  masted 
OB  coal,  p.  77,  und  thyi  small  portions  of  it  are  gradually  dissolved 
in  borax  on  platinum  wire  in  the  0.  F.  and  the  color  of  tlie  glass 
examined,  both  when  hot  and  cold.  With  many  such  comfKjunds, 
containing  only  metals  which  do  not  color  very  inteiist/ly  when 
oxidized,  the  iron  is  immediately  obtained;  with  many  othcra, 
however,  as  when  they  contain  copper,  for  iustauoe,  a  green  «color  is 
obtained,  which  becomes  lighter  on  cooling,  and  results  from  the 
jellow  of  the  sesqnioxide  of  iron  and  the  blue  of  theoxide  of  coppt-r. 
In  this  case  the  glass  must  be  shaken  off,  p.  79,  and  treated  on  cuul 
in  the  R.  F.,  until  all  the  copper  is  reduced  out  and  the  hottle*green 
color  of  the  protc-sesquioxide  of  iron  is  obtained.  After  pinching 
oat  this  glass,  a  bit  of  it  may  again  be  treated  with  the  0.  F.  on 
platinnm  wire  and  the  iron  recognized  by  the  yellow  color. 

The  st'cnnd  method  consists  in  pulverizing  the  snbatance,  mixing 
it  with  test'leud  and  borax  and  fusing  it  on  coal  in  the  R.  F.,  until 
the  glass  is  colored  by  the  easily  osidiiuiblc,  non-volatile  mi-tuls 
present  At  first  the  whole  is  covered  with  the  K.  F.,  but  as  soon  as 
the  borax  hia  united  to  one  globule,  the  flame  is  directed  upon  thi« 
alone,  allowing  the  air  free  access  to  the  fusing  metal. .  Alter  com- 
pleting the  fusion  the  glass  is  qnickly  raised  with  the  forceps  from 
the  fluid  lend  and,  after  being  treated  alone  on  coal  in  the  It  F.  to 
reduce  »ny  trifliug  oxide  of  lead  in  it,  is  tested  on  platinum  wire  in 
the  0.  F.  Should  it  appear  too  dark  it  is  diluted  with  borax  until 
it  is  trausparent.     After  separating  the  lead  by  means  of  boracic 
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acid,  vifle  copper,  the  other  metals  ctimbinod  with  it  can  caaily  be 
reciignized  by  the  glass  fluxes. 

Compoiindä  which  fuse  easily  alone  on  ciwl  can  be  tiv-ated  in  the 
R.  F.  with  borax,  omitting  t!ie  test-lt-ttd.  Thus«,  fur  exoniplu,  a  wrj 
trifling  umount  of  iron  can  be  fonttd  in  many  gulenas,  especially  if 
the  gla«8  is  further  tivau-d  with  tin.  Should  the  glasa  not  show  a 
▼itriol-gi-een  color,  but  I«  bhio,  it  is  treated  us  descriU'd  ulwve  under 

o»itiw>. tic.  ji,  componnda  of  oxides  of  iron  with  other  nietallic 
oxides,  or  with  eurtlis  und  iicids,  the  iron  is  likewise  best  found  by 
fusing  the  substance  witli  Ijurux  or  S.  Pb.  To  determine  wbt-thi-r 
the  iron  is  pivseut  as  sescpiioxide  or  protoxide,  the  assay  is  addrni  lo 
a  borax  Wad  ooutaining  oxide  of  copper.  In  case  of  ses()uioxide  tbe 
bead  becomes  bluii^h-green  ;  with  protoxide,  rwi  ^put^  of  sub^xide  of 
copper  become  distinctly  visible  iu  it  (Chapman  ;  Erdmiinn's 
Journal  für  pnict.  Chem,  vol  xlvL  p.  119.) 

Comjiiinnds  uf  memUic  oxides  not  suspected  of  containing  oxides 
of  copper,  nickel,  chromium,  or  uranium,  are  dissolved  in  borax  on 
platinum  wire  with  the  0.  F.,  aud  the  colored ♦►ead  Ijeld  i^uinst  ihfe 
daylight  and  watched  nntil  it  has  so  f:ir  cooled  that  its  color  remaioa 
uncbangL-d.  TIil-  licad  ref|uires  no  further  ti-eatmeut  if  it  dbowa 
only  iron,  or  the  colur  of  iron  aurt  cobalt  together,  as  described 
iK'fore;  sliould  it,  however,  sliow  some  other  cnlor,  as  possibly  viulet 
with  much  nxl,  it  mnst  W.  trt'ul«!  some-time  in  the  li  F.,  which 
cuuses  tht'  vtulei  cohir,  resulting  from  manganese,  to  disappear,  and 
leaves  the  bottle-green  iron  color.  When  much  manganese  is  prcacut 
the  bead  from  the  0.  F.  appears  quite  dark-red  whik*  hot,  and  red, 
jnoliuing  to  violet  on  cooling,  iu  which  case  all  tbf  mnngaufSe  can- 
not be  re<luced  to  protoxide  on  the  wire,  but  the  glass  must  be  shaken 
off  and  treated  on  coal  with  tin  ;  tbe  mauganese  color  tlicn  disap- 
pears and  the  vitriol-gret^u  of  protoxide  of  iron  becom<.*g  evident, 
provided  no  protoxide  uf  cubalt  is  present.  In  case  tlic  munguuc&e 
predominated  a  little  iron  may  also  eiLsUy  be  found  by  niesua  of 
S.  Ph.,  which  is  not  colored  very  intensely  by  mangauose,  and  readily 
becomes  colorless  in  tlie  It  F.,  while  the  color  of  the  dis^dvcd  oxide 
of  iron  remains  after  treating  the  glass  in  the  R.  F.;  the  glass usmüly 
upjiears  reddish  on  cooling,  p.  103. 

When  u  suh&tjtnce  ciMiiaius  protoxide  of  cobalt,  in  addition  to  the 
oxides  of  iron  and  mauganesi-,  the  glftdS  obtained  with  borax  on 
platjnnm  wire  in  the  U.  V.  is  colored  more  or  less  dark  violet,  and 
after  a  short  treatment  iu  ihr*  K.  K.  becomes  green,  and  on  cooling  blue. 

In  a  com|>onnd  containing  ninch  oxide  of  manganeae  and  coIhiU 
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witii  little  oxide  of  iron,  the  latter  mny  he  reiidily  fuunJ  liy  dissolving 
the  !>iil>»tance  in  hydrochloric  «cid  and  prpcipitaling  the  st>£r]nioxide 
of  iron  by  means  uf  umniuuiu  frum  the  dilutfil  soliitiun.  or  if  the 
snhstmicc  is  uot  i)erfi,-cilj  soluble,  it  is  fused  with  bisulj)hato  of 
potussii,  the  mass  difsolvtHl  in  water,  &  few  drops  of  hydrochloric 
ucid  lidded  und  tlipu  a  slight  cxot'ss  tif  (immonia.  Th«  pri'cipituted 
oxide  of  irun,  although  nut  quite  free  from  maiignuew,  is  tiltorcd  out 
and  tested  wiüi  borax  ur  S.  Pb.  ou  platinum  wiix*. 

When  in  addition  to  oxide  of  iron  (he  oxides  of  copper  und  nickel 
arc  piveent,  it  is  tH.'tter  to  dissolve  the  substance  <'n  cual  in  borax 
with  the  0.  F,  and  then  tr«at  it  with  the  B.  F.;  copper  and  nickel 
are  separated  as  metuU  and  the-  iron  color  alone  remains.  It  is  well 
to  add  B  bit  of  lead,  which  furthers  the  sepjiratioii  of  the  metjils; 
the  glass  can  afternards  Iw  pinched  out  and  treated  on  platinnm. 
wire  in  the  0.  F.,  to  obtain  the  pure  color  of  sesijuioxide  of  irun. 

Should  the  preseuce  of  cobalt  i"cnder  the  glass  hhii-.  it  nni?t,  in- 
fuel,  (k-  oxidized  on  the  wire,  iis  above  dirwleil.  To  dipcover  Ihe 
copper  the  substance  ie  dissolred  in  ^.  Vh.  and  the  glass  treated  With. 
tin  on  cual,  when  it  becomes  npwpie  and  red. 

When  oxide  of  chromium  is  present  with  oxide  of  Iron  the  color 
of  the  hot  borax  glass  shows  iron,  but  on  cooling  only  cliromiura. 
Since,  however,  borax  glass  saturated  with  sewpiioxide  of  chromium 
after  tnuitraent  in  the  0.  F,  likewise  has,  while  still  hot,  a  dnrk-red 
color,  the  presence  uf  iron  cannot  with  certainty  be  iissunied.  In 
such  cases  the  substance  is  mixed  with  three  parts  of  nitre  aud  one  of 
puda,  anil  fused  by  ilcgrecs  on  plutintim  wire,  the  rt-sulting  Chromate 
of  Ihe  alkali  dissolved  in  water,  aud  ihe  residue,  after  Iterug  washeil 
with  wiiter,  dissolved  in  borax  on  platinum  wire.  The  iron  Color  is 
then  ohtaim*d,  if  all  the  sesciuioxide  of  chrumium  has  been  sep- 
arated and  no  other  coloring  metallic  oxides  are  present.  The  inm 
may  also  he  reduced  with  soda  on  coal  and  obtained  as  metal  after 
washing  away  the  jHirtiuna  nut  rediiwd. 

Wlien  uranium  is  present  with  iron,  the  borax,  iudecd.  shows  the 
iron  color;  this,  however,  is  not  jiroduced  by  the  iron  alone,  but  also  by 
the  similarly  coloring  uranium.  To  oh  lain  the  pnre  inui  tn  dor  the 
substance,  if  uot  completely  soluble  in  acids,  must  l>e  fuseil  with 
bisulphate  of  potas^ti,  the  mass  dissolvinl  in  wuter,  aud  then  an  excess 
of  carlKJuate  of  animrmia  in  solution  jifhled.  The  »'«piioxidc  of 
uraninni,  which  is  at  first  thrown  down  with  the  scsquioxide  of  iron, 
di&üulvcs  again,  m  that  the  iron  may  Iw  sepiu-uted  by  filtration  and 
tested  with  Ih.rax,  after  being  washed,  liy  boiling  the  ammoniacal 
filtrate  the   8e&i;inioxide  of  nrauinm  is  thrown  down  as  a  yellow 
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powder,  und  miiy  likewise  easily  be  recognixod  by  tes^ng  it  B,  B. 
with  S.  Ph.  An  easier  melbod  of  precipitating:  thenrauium  consista 
in  slightly  iicidifyirig  the  «olntion  with  hrJrochlorio  aoid  and  Ih^ 
ndrJiiig  potossii. 

Finally,  when  oxidc8  of  tnngsteu  or  titanium  are  present  with  the 
iron,  only  yellow  imn  bead«  are  obtained  with  borax  and  S.  Pli.  tn 
iheO.  h\  becaneo  when  combined  with  a  ina:«imum  of  oxygen  the 
other  metnlft  (tnngiülic  and  titanic  acid?)  only  produce  a  feeble 
yellow  ;  in  tlio  U.  F.,  on  the  other  hand,  the  S.  Ph.  j^\aas  assames  a 
very  different  color,  especially  on  cooling,  it  becomes  darker  or  lighter 
hrowuiah-red,  p.  110. 

A  Blotcpipe  cfiftracf eristics  of  the  minerals  containing  iron 
MumeraUd  above, 

[Ry  rarefnlly  perusing  the  inimediately  prereding  pages  the  reader 
will  be  enabled  to  underetund  the  reactions  nuw  to  Ijc  given,  witboat 
rendering  it  nere*sary  to  give  the  minnte  descriptions  of  the  Gennaa 
work.  To  facilitate  tliie,  refeitfnce  has  been  made  to  the  pa^^s  when 
n»'C»'SsftryT  und  nothing  of  importÄnce  has  l)een  omitted. — Tmiis-] 

^Va/ltv  tron  and  mrteoric  iron  are  infusible  before  the  blowpipe. 
Tlie  glasites  obtained  with  borax  or  S.  Ph.  on  coal  in  the  R.  F.  show 
only  iron,  and  tlie  bottle-green  glass  re-fused  on  platinum  wire  tk\ao 
showfl  iron  alone.  AlVr  dissolving  the  iron  in  nitric  a(?id,  dilniing 
und  then  precipitating  the  sesquioxide  of  iron  with  excess  of  am- 
monia, nickel.  citbulU  manganeats  and  copper  can  be  thrown  down  by 
iulphide  of  ammonium  from  the  ammoniaral  solution,  which  contain« 
the  greater  part  of  these  metals  present,  and  after  settling  they  caa 
be  filtered  out  and  recognized  by  means  of  borax ;  rids  general 
examination  for  metallic  sulphides,  under  cobalt. 


COMPOUNDS  OP   IROX    WITH   ARSEXIC  AKO  SCLPHCK. 

Leucopi/riJ«  {arsenieal  iron,  pt)  yields  in  the  closed  tnbe  metallic 
ftrsenic.  Carefully  heated  in  the  open  tube  much  arsenons  acid  ia 
sublimed,  and  with  moistened  litmus-paper  sulphnroua  acid  can  be 
detected.  On  <svn\  copious  arsenical  fumes  are  rvolred  and  iu  the 
R.  F.  a  magnetic  ghibale  remains.  Ru««tetl  and  treated  with  the 
fiaxes  it  react*  only  for  iron.  By  tivating  the  rariety  from  Scblad- 
ming  on  coal  wiih  Imrax.  after  being  first  toaed  alone,  as  will  be 
diroct^^  under  nickel  for  snbstancra  oontaining  rarious  metallic 
anenide«.  aom«  nickel  and  cobalt  are  fbnnd. 

Mitpie^  (arw<yyri'<»„  arwenital  pyrHf»)  yielda  at  first  in  the 
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inbe  a  retl  sublimate  of  giilpbide  of  aretnic,  but  Iiitor  a  black, 
crystalline  snblimute  of  arsenic,  having  a  raetallic  lustre;  in  the 
open  tube  gives  off  arsenoua  and  Bnlphnrotia  acids.  Too  strong  m 
heat  is  apt  to  prodoce  sublimates  of  suboxide  of  arsf'nic  and  metallic 
iirsoni<^  p.  62. 

On  coal,  at  first  yields  copions  arsci.ic  fumes  and  a  coat  of  arscnons 
acid,  then  fuses,  especially  in  the  R.  F.,  to  a  globiilp.  which  reacts 
like  pyrrlmtite,  q.  v. 

In  the  roasted  mincral  any  cobalt  present  is  readily  dett-cted  with 
borax,  p.  322.  Vanaite  behaves  like  arsenopyrite,  but  reacts  strongly 
for  Co  when  roasted. 

COMPOr&'DB  OF   IROJf    WITH   SCLPHUR. 


Pffriht/die  strongly  heated  in  tho  closed  tube  yields  a  little 
snlpbnr;  iu  the  upeu  tube  only  etilphiiroiis  acid.  Fuses  in  K.  E*.  on 
oo»l  to  a  button,  covered  with  an  uneven  black  mass  on  cooling, 
magnetic  and  showing  a  yellowish,  crystulline,  metallic  fracture.  It 
is  ooDverted  into  red  oxide  by  roasting  and  reacts  with  (luxes  for 
iron  only.  8honld  it  contain  "but  little  nickel  this  is  best  found  by 
treating  the  roasted  assay  witli  gold  and  borax  in  R.  F.  on  coal, 
vfd«  nickel. 

Pt/rite  in  the  closed  tube  generally  evolves  an  odor  (»f  sulphuretted 
hydrogen  and  gives  a  sulphur  sublimate.  If  it  contains  arsenic  a 
snblimate  of  sulphide  of  arsenic  forms  later,  wfiicli  ajipears  darker 
or  lighter,  according  to  the  amnnnt  uf  araeuic.  The  well-ignited 
residue  is  metallic  and  jwrous,  and  reacts  like  pyrrhotiie.  On  cual 
the  sulphur  bums  with  a  blue  flame  aud  the  residue  reacts  like 
pyrrhotite. 

Jforcftjnte  behaves  like  pyrite,  but  yields  sulphur  at  a  lower  heat, 
and  moisture  is  frequently  perceptible. 

Lottehifiite  from  the  Churjirinz  mine,  Freiberg,  yields  at  first  a 
sublimate  of  sulphur,  in  the  closed  tube,  then  a  little  sulphide  of 
arsenic,  which  is  reddish-yellow  on  cooling ;  in  the  open  tube  sul- 
phurous and  arscnons  acid.*;,  at  nhitrb  temperature  sulphide  of  arsenic. 

On  coal  in  the  R.  F.  sulphur  and  arsenic  volatilize  and  an  arsenic 
coat  is  formed;  the  assay  then  fuses  quietly  to  a  magnetic  globule 
and  a  feeiilc  leiul  coat  is  produced. 

The  roasted  mineral  dissolved  in  borax  shows  iron,  cobalt,  and 
copper  with  the  fluxes.  By  a  reduction  assay  with  a  gold  button, 
which  is  afterwards  treated  with  S.  Ph.,  a  little  copper  and  cobalt  can 
also  he  found. 
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Kyroxite  from  tlie  Kricciuestolliiy  near  Aiuiaberg.  reacts  like  Ion* 
cliidite  in  the  closed  tul)e  and  the  oi>en  tiiW. 

On  cuul  the  eulpbtu*  burns  and  the  miiiural  rnse»  to  a  mmgui^tio 
globule  without  producing  a  noticeable  (wat  of  arsenoua  acid.  The 
roasted  powder  is  reddish-bruwn  and  treated  with  boi-ax  shows  jpod 
«3d  copper,  p.  227.  The  sanie  metals  are  detected  by  meauä  of 
8.  Ph.  By  a  reduction  assay  with  soda  on  coal  metallic  iron  with 
an  adinixtnre  of  copper  particles  is  pnxluced. 

OXIDES   OP  IROy   AKD   HVDRATBD  SBSQt-IOXIDBS. 

The  oxides,  Tiz.:  magnttHe,  ochrfoun  vutgnetUe,  »pAcuUr  iron  and 
hemaiite,  behave  in  general  like  sesrinioxide  of  iron.  p.  103.  Trilling 
admixtures  of  other  metallic  oxides,  viz.,  of  chromium,  munganeft', 
copper,  etc.,  may  be  either  found  at  the  flame  time  by  trejitintr  the 
rcs|}ectivc  oxides  with  glass  Huxes,  or  by  special  assay«,  as  din'Cted 
in  the  oorreeponUing  paasa^s. 

The  hydrates  of  sesqnioxide  of  iron,  viz.,  iurgite,  Umonitc^  ijlithitrt 
xaH/AöÄirfffnVf, etc.,  with  clay-ironntontt  hog  ore,  and  oc/(/T,\itld  water 
in  the  matrass  and  change  to  sesqnioxide,  the  red- color  of  whicii 
depends  on  the  purity  of  the  osäay-piAce.  They  fuse  moi^c  or  lejsa 
easily  on  the  edges  in  the  furceps,  particularly  in  the  bine  Hamcj 
while  ench  as  contain  phoifphoric  acid  tinge  the  outer  llame  bhiidi- 
green,  this  being  observed  with  most  certainty  after  tni>istoning  them 
with  sulphuric  acid.  With  borax  and  S.  Pli.  they  uU  reuot  for  iron 
and  Bometimes  for  copper  and  cobalt-  Clay-ironstone  leaves  a  silica 
skeleton  with  S.  Ph.  A  miiTignne.<;e  reaction  is  obtaiiut)  from  nearly 
all  of  them,  when  fused  with  soda  and  nitre  on  platinnm  foil 

SRSqCIOXlDG  OP   IRON*   COXRINED   WITH   OTnER  0XIDK8. 

Magnesio/errit«  behaves  like  hcmatit«  (Dans), 

(^iroitiite. — B.  B.  in  O.  F.  is  infusible,  in  It  F.  can  sometimes  be" 
rounded  on  the  edges,  and  is  then  magnetic.  Dissolves  slowly  in 
borax  and  S.  Ph.  to  a  clear  glass,  showing  iron  while  hot,  bot 
becsiming  chrome-green  on  cooling;  the  green  is  purer  when  the 
gla.s.7  is  treated  in  R.  K.  with  tin  on  coal.  It  is  Dot  attacked  bv  6ot\A, 
nor  can  a  mangunese  reaction  be  obtained  on  platinum;  but  if  aom« 
nitre  is  added  tlie  fused  mass  appears  yellow  from  the  formation  of 
ohromiites  of  the  nikalies.  By  a  reduction  assay  metallic  iron  M 
obtained. 

0X1DK8   OP  IKOK  fX)HBINED   WITH   ACXI>S. 

The  sulphates  of  iron,  vis.,  melanierite  or  green  vitriol^  ^ryd^wi, 
ghckeritc,  apntelite,  copiapitt^  jarosilej  cogitimbite,  etc,  yield  raore  or 
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loBB  water  in  the  tnatniäs,  which  with  a  strong  heat  talces  up  Bonie 
of  the  acid  escupitig  t'ruin  tlie  Hssixy  und  tiien  hai;  nn  acid  reaction  oc 
]itmnB-paper.  The  salts  eoittainiug  protoxide  ol'  irou  at  üvst  yielil 
only  Euipburous  acid.  Ou  caul  in  U.K.  they  yield  theiracid  and  an' 
courerted  into  st-squioxide.  The  other  chanicteristic  in^ediuiits.  im 
copper  iu  piaauite,  zioc  iu  roemerite,  and  the  alkiUiis  in  gelOtüenerz 
and  jaTuslte,  may  be  fouitd  by  the  test«  dc-scribe4  under  ttie  respec- 
tive Bubstaneea.     With  soda  they  all  give  the  stilplmr  reaction. 

Hohitrichiie  fuses  in  the  nuurass  iu  its  water  of  crystalliRiiiiou, 
«well«  uyj  uiid  yields  much  water.  *i'he  residue  hcat-ed  to  reduesa 
yicidä  Bulphurous  acid  and  turuB  browu. 

With  the  fluxes  it  shows  iron,  and  with  soda  a  sulphur  reactitm. 
If  it  is  di&solved  iu  water  and  the  protoxide  converted  into  sooqui- 
oxide  of  iron  by  boiling  with  a  little  nitric  acid,  a  precipitate  of 
alumina  and  Beequioxidi'  of  iron  \»  obtaimd  by  adding  aniniuniu, 
and  these  may  then  be  separatt^d  by  nieaus  of  ix^tassa,  vidv  ulnuiiua. 
p.  1T7. 

Pis»ophanite  in  the  niutriws  yields  water,  which  has,  according  to 
Erdmann,  an  a<ffd  reaction.  The  dry  mass  heated  to  retina's?  yielda 
acid  vapors  and  become»  IjTowiiisli-yellow  on  cooling.  With  the 
flaxes,  showij  iron ;  with  aotlu  on  coal,  gives  an  infusible,  hepatic  inusa. 
Cobalt  eolation  only  produces  a  distinct  blno  when  the  amount  of 
iron  is  not  too  important.  If  the  uUimina  cannot  thus  be  found  it 
niay  be  detected  by  disaolving  the  iH»wilored  mineral  in  hydrochloric 
acid  and  proceeding  according  to  p.  112. 

The  phosphates  of  iron  (/«/rewfft,  vivittnite,  and  delvauxiU,  yield 
in  the  matrass  water,  which  has  not  uu  acid  reaction.  In  the  fureepn 
they  Ewcll  and  tasv  in  the  blue  flame  to  a  äii.-el-gray,  metallic  globule^ 
producing  a  bluish-green,  phosphoric  acid  flame. 

With  the  fluxes  they  show  iron,  and  by  a  reduction  assay  with 
soda,  or  neutral  oxalalo  of  putassa,  on  coal  magnetic  irou  buttons 
are  obtained. 

PseutlofripUte  behaves  similarly,  bat  shows  a  manganese  reaction 
with  soda. 

In  allwaufiiie  the  soda  concents  the  phosplioric  tK-id  (lame,  so  that 
the  latter  must  be  shown  in  some  other  way,  vide  phosphoric  acid. 

As  regards  rakinf'errite,  it  is  only  known  that  it  yields  water  and 
ftipcs  very  easily  («  a  black,  lustrous,  magnetic  globule, 

Diaäochiie  yields  much  water  in  the  matrass,  increases  in  volume, 
and  changes  from  brownish-red  to  yellow,  losing  its  lustre  and 
becoming  opaque.  Heated  to  redness  it  evidvi-*'  ^nlpiiurous  acid.  In 
the  forceps  it  expands  very  much  and  crumbled  almost  to  powder. 
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A  fragment  ignited  iu  the  matrase  fusee  in  the  foiaepe  vitli  into- 
tuescence  to  a  glubnle  uud  colors  the  Uome  bluidh-gieeu  {phoopborio 
cid).  On  coal  it  intiimesoe«  very  etrougly  and  then  fuses  to  a 
[lubiilc,  whic]i  gluwit  whilt;  cooling.  Tlie  culd  glubule  i&  i^tfel-gniT 
and  magnetic.  With  soda,  UL^arly  all  goes  into  the  coal;  the  fuj^^ 
mass  yields  a,  strong  eulphnr  reaction,  and  by  washing,  magnetic, 
metallic  itanicles  are  obtained.     With  ibi-  tliixus,  sIkjwö  iron. 

Cacoxenite  yit-lds  water,  the  latter  portions  of  which  havt  un  uciil 
reaction  on  Brazil-wood  pai>er;  the  Übcratixl  bydruÜuoric  acid  attacks 
the  glass,  and  rings  of  silica  are  wi-u  afU.'r  dri>iug  the  water  t'rom 
the  niatrasK.  U.  B.,  it  fiites  on  the  edges  to  a  black,  metallic  ilag,  and 
gives  a  diäliiiet  phosphoric  acid  llame.  Diäsolves  easily  in  borax  and 
S.  Ph^  showing  iron.  With  soda  it  at  first  fuses  with  effervesoenci^ 
but  üftiTuurdä  the  phosphate  uf  »oda  sinks  into  tbe  c<»al,  lejiving  a 
black,  infufiible  mass.  It  dissolves  in  hydrochloric  acid  and  leaves 
only  a  very  slight  amount  of  siHca. 

If  the  mineral  is  treated  as  directed  fur  laznlitf,  p.  1G4,  tbe  oxid« 
of  iron,  alumiua,  lime,  and  silica  can  be  found. 

ChiUirenite  yields  much  water.  B.  B..  swells  and  families,  giving 
a  distinctly  blnish-greeti  flame  and  forming  a  lissurcd,  partly  black 
and  partly  browuisli-rwl  mass,  rounded  on  tbe  edges.  With  iIj« 
flnxt;»^  shows  iron  and  manganese  ( Rjimmelsbei^). 

Tbe  carbonate  of  iron,  »itIeviUy  spathic  iron,  sometimes  decrepitAtce 
in  the  matrass,  gives  oQ' carbonic  acid  and  oxide,  blackens  and  isD^u- 
verted  into  mas^netic  oxide.  With  thefluxet»,  likescjfquioxideof  iron, 
tioda  sometimes  produces  a  manganese  reaction.  Any  liuie  or  mag- 
nesia that  may  replace  some  of  ibe  iron  can  only  \»  foand  in  th« 
wet  way,  vide  carbonates,  under  magnesia,  p.  165. 

llumöoläline  yields  water  and  blackens  in  the  matrosa.  On  coftl 
it  blackens,  but  in  0.  F.  soon  becomes  red.  With  iht:  fluxes^  shows 
iron. 

The  arsenites  of  iron,  including  arseniosiderite,  pharmacogitlerite, 
and  Bcorodife,  yield  neutral  water  in  tbe  mati'ass.  li.  R,  in  the  Idite 
flame  fuse  to  a  gray  slag^  with  a  metallic  Instrf,  and  color  the  outer 
flame  light  blue. 

On  coal^  pve  off  arsenieul  fumes  and  fuse  in  li  F.  to  a  gny, 
metallic,  magnetic  slag,  which  gives  the  iron  reactions  with  'he  fluxes. 

PitiiciU  yields  water  and  at  a  high  tcm[>eruture  sulphurous  acid. 
In  the  forceps  and  un  coal,  likescorodiU?.  With  s«da,  yiolds  aröfiiical 
fumes  and  sinks  mostly  into  the  coal,  giving  a  strong  sulphur  reaction 
on  silver. 

Carminite  fuses  on  coal  with  evolutioik  of  arsenical  fumes  to  a 
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gray  sUg,  and  at  ili« 


tiae  a  kad  ooat  ü  formed»  or  maj 


sertaitilv  be  obUincd  vith  tfae  addstk»  of  «oda.  With  Uw  toxes 
the  iron  reactions  are  prodoced. 

Sympiemte  bom  I^bensteia  heated  to  100*  C  u  Dadunged ;  mbavu 
this  Ileal  it  vielda  water  (:{1.6  per  oeDL)  and  iMvomes  brown  :  at  a 
red  heat  a  notable  aiaoant  of  aneaooi  acid  i«  etolred,  and  a  moiU- 
eued  &Up  of  htxna«-pa|xr  iAtxodnc«d  into  the  neck  of  the  matrass  ü 
fecblT  («ddened. 

n.  B^  it  is  infiuible  in  O.  F-;  toocbed  »Uh  the  tip  of  the  blu« 
flunio  it  fuaes  cmi  the  «dgtra  and  oulurü  the  oater  fl:uiie  light  blue.  Ou 
ooa]  in  H.  P.  gire«  a  etrong  aiaenic  odor  and  blacken«,  bnt  fu^e«  onlj 
on  the  ed^s  and  then  is  magnetic  After  iguitiou  iu  the  matra&j  or 
on  coal  a  fragment  dis.'wlTeä  in  the  ghus  fluxej^  ^huwing  iron,  but  iu 
bona  a  good  O.  F.  aflunls  a  somewhat  brou nidi-yellow  gUss.  If 
enough  i«  dls^oWed  on  coal  to  mskv  the  borax  gUus  quite  opaqae, 
sabaeKfUent  reduction  will  prinluee  ftiüible  globules  of  a  meiAllio 
anraide,  which  may  be  00110014^1  by  means  of  a  gold  button  and 
(eeted  in  0.  F.  for  nickel  with  S.  Ph^  vidt  nickel 

Witli  soda  ou  coal,  givea  a  strong  arsenical  odor  and  the  absorbed 
man  reacts  feebly  for  tmlphur.  With  aoda  and  nitre,  a  slight  man- 
ganeee  reaciioo. 

Btitdantite  yields  water.  B.  B.,  alone»  the  Cork  cryelals  are 
infusible,  but  yield  on  charcoal  fnmeg  of  sulphurous  acid  ami  aflbrd 
a  Telluw  älug,  and  with  doda  a  kernel  of  leml ;  the  IVrnbaoh  fuse 
easily  on  cbarooal  irith  intumescence  to  a  globule  of  lead»  mixed 
with  a  black  hepatic  slag;  the  Horhausen  fuse  easily,  Hflbrding  u 
gray  sluggy  globale,  and  after  long  blowing  tlieodor  of  arävnic  (Dana). 

COHPOÜKM  OF   PBOTOXIUES  OF   IKOK   AND    MANOAXESE   WITH 
TÜSGSTtC   A.CID. 

WotframiU  somelimes  decrepitates  in  the  matrass  and  often  yielda 
traces  of  water.  In  the  forceps  and  on  coul,  fnses  with  diflicuUy  to 
a  globule,  the  snrface  of  which  cousit^te  of  aecnmnlatrd  lamellar, 
iron-gray  cryetals.  having  a  metallic  lustre.  It  is  thuä  diäliugirishi'd 
from  titanic  inm,  which  is  infusible  in  the  0.  F. 

Dissolves  rather  easily  in  borai  ir.  O.  F.  to  a  clear  ghi8s>  in  which 
the  inm  or  mungancÄC  reaction  pn-dominutce,  according  t-o  the  coni- 
posilion  of  the  specimen,  so  that  with  a  certain  addition  the  varieties 
poor  in  iron  can  be  distinguished  from  the  richer  ones;  in  tho  former 
the  glass  is  rather  reddish-yellow  on  cooling.  In  K.  F.  only  the  iron 
reaction. 
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AVitli  S.  Ph.  in  0.  F.  »hows  only  iron  und  miiiigADüse,  bnt  in  R.  F, 
becomes  dark  m\  und  opaqui*,  eveu  with  a  muderule  uUditiou  of  the 
niiufruL  By  treating  tht*  uut  Uxi  bij^hly  euturaUrd  glutts  on  cuaJ 
with  tin  in  the  11,  F.  for  a  very  shurt  time,  it  becomea  green  on 
cooling»  but  by  then  employing  u  good  U.  F.  the  gi*etin  color  disup- 
pcars,  leaving  a  (mIc  rcddi^li-ydlow,  which  renmins  unchanged. 
With  Bodji  and  nitre  it  gires  a  strung  maugunesc  reaction.  Jbor  the 
lieteotiou  of  tliu  tungstio  »cid,  vide  tuugät«n. 


COirPOCND  OF   PUOTOXIDE   OF   IBOX,    ETC.,   WITH  TITASIC   ACID. 

Afenaccanite  {titanic  iron).  lufusiblL*  in  0.  F.,  but  cau  be  some- 
what rounded  on  the  edges  iu  U.  F.  Willi  borax  and  S.  Ph,  iu  O.  F. 
like  seijf^iiiioxide  of  iron,  hut  the  S.  Ph.  lieail  irouted  a  wliile  in  R.  F. 
usiiumcs  on  cooling  a  mure  or  Icssinteuae  browuish-red  color  ;  by  the 
depth  of  the  red  the  relative  amount  of  titanium  can  be  estimated. 
On  coal  with  tin  this  glass  becomes  vii'Iet-n-d,  unU'Sä  tix»  little 
titanium  iä  pn-aeut.  By  fuöion  with  biäulphat*^ of  (lotai^a  the  niint-ral 
id  deooniposcdri'it/e  titanium.  With  soda  and  nitre  it  tW-qneutlygivca 
a  feeble  nmnganese  reaction. 

Purafhoritf  behaves,  according  to  Dana,  oä  follows: — 
Jq  tlic  matras«  decrepitatt-s  slightly.  B.  B.  glovs,  fuses  with 
diüiculLy  un  Lite  edges,  und  becomeii  paWr.  In  bomx  shows  iron 
while  hot,  and  is  colorless  on  cooling.  With  S.  Ph.  iu  0.  F.  a  beiwl, 
yellow  white  hot,  colorless  on  cooling.  In  K.  F.  this  beaid  assumes  a 
delicate  violet  color  (Ti  O'  ?) ;  Brubh. 

coMi'ouxua  or  rKoroxiDK  of  iuom,  utc,  with  taxtauc  acid«, 

Tanialite  from  Taninitla,  Kimitn,  and  Fiiibo,  fi'et*  from  tungetie 
acid,  beharea  as  follows : — B.  B.  on  coal  and  in  the  forceps  it  i^ 
infusible.  Dissolves  slowly  iu  borax  to  a  gla^ä  colored  by  iron, 
which  at  a  ecrluin  satnration  becomes  gmyish-white  by  flaming, 
especially  after  previous  treatment  in  ß.  F.,  owing  lo  the  Uiitaiic 
acid.  Wlien  fully  saturated  it  becomes  cloudy  of  itself  on  couling. 
In  S.  Ph.  dissohes  alsu  slowly  to  a  head  culorvd  with  iron,  which 
treated  iu  B.  F.  becomes  pale  yellow  on  cooling,  hut  nut  rtd, 
showing  that  no  tungstio  acid  is  present.  With  coal  on  tin  the  glad« 
becomes  green. 

With  soda  and  nitre  mnngaueae  is  detected,  and  by  a  reduction 
assay  with  stula  and  a  little  borux,  the  latter  seniug  to  disstdve  the 
tjiiualic  acid  compound  and  prevent  the  reduction  of  the  irun,  souk 
tin  cim  be  obtained.      If  further  evidence  of  the  tautalic  acid  if 
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de^rctl  it  may  be  obtaiied  bj  proceeding  aa  directed  under  tan- 
talam. 

TantaliU  from  Broddbo^  contaiuiog  tungstic  lUiid,  behaves  like  the 
above,  exi't^pt  tbat  the  S.  Ph.  bead  treated  in  R.  F.  becumcs  durk-re^l 
an  cüüliiig.  uud  retuins  Cliis  color  when  trutted  with  tin  on  coaL 
Also  gives  a  strong  manguuese  reuctiun. 

Tantalitc  from  Kiinito.  having  u  ciunumon-brown  jtowder,  behavea, 
accuitling  to  Ikrzeliiis,  like  a  uiitalitc  free  from  tungstic  acid  and 
coatuiuihg  uiaiiguuf£e  uud  6ome  tin. 

Tapiülile. — B.  B.  like  tantalite,  but  no  manganese  reaction  (Dana). 


I 


COMPOUND   OP   PaOTOXlDE   OF  IKON,   ETC.,    WITH   IITfPONIOBIC 

ACID.* 

Cohtmbiie  is  infusible.  Piasolvea  easily  in  borax  to  a  bead, 
colored  by  iron,  which  can  only  be  made  opaque  by  flaming  after 
Btr<jng  saturaliun,  and  et^pumally  when  tirst  treuk'd  iu  R.  F. 

With  S.  Ph.  like  tantalitc  free  from  tnngstic  acid. 

With,  soda  and  nitre  it  shows  mungnneäe,  and  by  reduction  on  coal 
with  borax  and  £oda  traces  of  tin  are  obtained,  which  with  Ö.  Pb.  on 
coal  frequently  react  for  coj)per. 

The  manner  of  detecting  hypuuiobic  acid  will  be  given  under 
niobium. 

SILICATES. 

Most  of  the  silicates  ennmerated  on  p.  219  et  seq..,  yield  more  or 
lefis  water  in  the  matr.-igs.  P^ronmnh'te  at  a  high  temfwniturf  also 
gives  off  yellow  sesquichloride  uf  iron,  which  digsulves  in  the  latter 
portions  of  water,  and  causes  an  acid  reaction  on  litnins-papcr;  a 
unfTocating  odor  is  also  ptTceptihle  nt  tlu;  month  of  the  niatriigs. 

Their  iX'Utive  fusibility  is  indicated  l>y  the  a(tixt-d  numht-rs. 
Generally,  if  the  blue  llame  has  been  used,  the  fused  assay  is  mag- 
netic. Some  of  them  dissolve  t-asily  in  bcrux,  others  with  diffitully, 
an<i  anthonitleriie  only  very  imperfectly,  even  it»  powder.  Tin-  glass 
usually  shows  only  iron;  with  S.  Ph.  they  behave  similarly,  but 
those  which  have  perfectly  sohihle  hjises  U-ave  a  skeleton  of  silica. 

With  a  little  eoda  they  fnsL-  mnstly  to  a  bead,  bnt  witli  murc'  ihuae 
that  have  a  low  ratio  of  silica  fuse  to  a  slag-Iike  nia*8. 

Several  yield  a  maugunL-so  nactiun  witij  soda  and  nitre.  To  detect 
the  earthy  constituents  in  certain  of  these  silicates,  the  method 
described  imder  lime,  j».  155,  is  to  he  followed. 


£34 


pLA.rtii[Ea'&  BLOvrpiPK  ajüaltsi^ 


e.  Examination  for  iron  in  metaUurtfical  products,  with  the  bhwp^ 
cfuiracteristics  of  i/it  latter. 

Rata  iron  and  aitel  are  ustiuCy  oulj  examiued  for  accessory  in- 
gredif^nfa,  viz.,  manganese,  p.  ä14,  ciirboo,  8ilic)^  sulphur,  and  phos- 
phorus {vide  the  respective  examinatiuiis). 

Thti  method  of  testing  bears,  black  copper,,  and  impure  lead  and 
tin,  for  irun  und  otlier  ucceBttury  in^redieuiii,  is  evident  from  what 
was  stud  atxtut  metallic  cooipouudfl  cuutaiuiug  iron,  p.  ttZ. 

The  vuritins  spctAsex  are  very  easily  examined.    They  behave  u 

follows; — In    the  oi>en    lube   most  of  them  yield  sulphuruus  and 

arscnons  acida,  althoaeh  certain  of  tb^m  mnrit  b*r  Ürst 

M eullic  ftmniidn.  ,.,.-,  .     .       „    t^      ,  «  ,  , 

pulverized.  On  C'lal  m  B.  F.  Ibey  fuse  to  u  globule 
and  yield  up  their  excess  of  arsenic,  if  the  latter  exceeds  the  propor- 
tion (Ni,  Co,  Fe)*  Aa.  Volatile  metallic  sulphides  if  present,  as  l^b, 
Sb.  form  a  coat  of  oxides  of  lead  uud  aiitimouy,  tliu  latter  being 
mixed  wirh  sulphate  of  lead.  Should  there  be  so  mnoh  iruu  that 
the  coat  forms  with  difliciiUy,  the  iron  must  first  be  mostly  removed 
by  treatnitat  with  borax  uii  ooul,aud  the  remaiutug  btitton  will  then 
yield  rt  distinct  coat  when  treated  alone.  If  the  spei^  cuntaiiia  bis- 
muth, as  is  the  case  with  cobalt  speiss,  a  bismuth  coat  is  obtained 
[vide  I».  66,  el  jftvy).  * 

When  tlie  fused  button  of  spciss  is  treated  with  borax  on  codi, 
iron  oxidizes  first,  tlten  cobalt  and  the  ix'sulting  oxides  dissolve  at 
once,  while  arsenic  volatilizes  and  is  perceived  by  the  odor.  As  soon 
as  the  button  shows  a  bright  surface  the  blast  is  stupped,  the  button 
quickly  liiled  out,  and  u  portion  of  the  soft  glass  withdrawn  with  tbe 
forceps,  and  if  quite  ojwique,  treated  on  platinum  wire  iu  the  <>.  P. 
with  borax.     It  will  show  either  iron  alone,  or  cobalt  likewis*;,  }\  'Zit, 

The  button  is  ro  Imj  treati^  on  coal  with  fresh  Iwrax.  when,  if  all 
the  irau  aud  üjhalt  were  removed  before,  the  glass  will  show  ouly 
nickel,  but  if  some  cobalt  still  remained  the  glass  will  be  colored  by 
it  also,  and  if  there  is  much  cobalt  will  be,  indeed,  pun-  sniuU-blue. 
In  this  caso  still  a  thii-d,  or  even  a  fourth  treatment  with  Ironix  may 
he  necessary,  and  then  only  the  nickel  color  will  be  observed. 

Should  the  speiss  contaiu  copper,  this  metal  would  not  be  detected 
by  means  of  bomx,  being  le^seaBily  oxidized  tlian  nickel,  but  mav  be 
very  reiidily  found  if  the  button,  freed  from  iron  andcubalt  and  now 
containing  only  Ni*  As,  with  more  or  Iüss  On,  is  treated  on  ooal  in 
the  Ü.  F.  with  8.  Ph.  Copper  aud  nickel  are  then  oxidised,  and 
the  glass  bead  is  yclluwish-green,  retaining  this  color  on  cooling. 
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owing  to  the  yellow  of  the  nickel  and  the  blue  of  the  copper. 
Treated  with  tin  on  coal,  this  bead  becomes  red  aiid  opaque  fVom 
Bnboxidc  of  copper,  when  cold.  It  is  assumed  that  all  the  luitunony 
lias  been  previously  removed  by  treating  the  speisa  alone  on  coal,  so 
that  the  bead  ßhall  not  Ix-coaiP  black  on  cooliiig-. 

When  there  ü  &o  much  Bulplude  iff  lead  in  the  speies  that  the  coat 
of  oxide  of  antimony  caonot  well  be  distiuguished  from  the  aimul- 
tuneously  formed  sulphate  of  lead,  it  is  only  neee^äury  to  treat  the 
powdered  speisa  with  soda  in  the  R.  P.  The  sulphur  is  f^(*IHll■ated  by 
the  soda  und  the  lead  then  forms  only  a  yellow  coat,  allowing  the 
oxide  of  antimony  to  foi-m  a  pure  coat  When  there  is  a  con» idenible 
amount  of  sulphide  of  zinc  a  slight  zinc  coat  is  also  funned,  but  if 
the  amount  of  zinc  is  trifling  it  cannot  always  be  shuwn  with 
certainty. 

In  trL-itting  a  very  impure  spcis;^  nontuining  mimy  sulphides,  a 
little  of  it  may,  after  the  presence  of  volatile  metal  has  been  ascer- 
taim'd  by  treatment  on  coal,  l)e  well  roasted  and  then  treated  w^ith 
the  fluxes  as  deseritxKl  on  p.  223. 

The  variona  matt-like  jtroducts,  p.  221,  evolve  in  the  ."jSJl^ 
open  tube  salphnrons  aeid  and,  if  they  conUiin  sulphidi-  of 
antimony,  deput>it  near  the  useay  a  thin,  Hxed  sublimuie  of  oxide 
of  aurimony  and  autlmoiiic  acid.  On  coal  in  E.  F.  tlieyfuse  to  a 
globule,  with  the  exceptiuuof  Koho/enbruch  rich  in  zinc,  and  eout  the 
coal  with  oxides  of  lead,  antiniouy,  und  zinc,  and  sul])li»te  of  lead, 
when  they  contain  volatile  sulpfiidee  of  these  mctal&  and  have  not 
very  little  sulphide  of  zinc.  Occasionally  also  the  «lor  of  arsenic  ia 
pereepiible;  otherwise  a  special  lest  may  be  miMle  for  it,  vitit*.  arsenic. 
-  To  detect  the  other  ingredients,  a  sufficient  amount  is  roaat«^  on 
ooal  and  tested  ärst  with  borax  and  S.  Ph,  us  direett-d  for  the  com- 
pounds of  oxides  of  iron  with  other  metallic  oxides,  p.  223  vi  seq. 
Another  roasted  portion  ia  treated  In  the  R.  F.  with  soda,  so  as  to 
produce  metallic  iron  and  copper,  and  to  recoguizc  any  small  amount 
of  zino  by  the  coat  which  is  fürme<l  in  the  immediate  neighborhood 
of  the  assay. 

Sliiff8  vary  so  mnch  that  it  is  not  possible  to  establish  any  general 
blowpi|)e  cburacteri sties  fur  them,  but  it  is  very  easy  to  lind,  by  uieaua 
of  their  behavior  alone  on  coal  and  with  the  glass  fluxes,  what 
metallic  bases  they  contain,  and  .vgard  must  U*  hiul  to  thfaf  when 
effecting  their  decomiK>sition.  partly  in  the  dry  way  and  partly  in 
tJie  wet  way,  accoi'diug  to  ]>.  155. 

Hammer  and/urge  »caks,  from  working  wrought  iron,  are  imme- 
iliately  recognized  by  the  fact  that  they  fuse  to  a  bead  m  the  forceps, 
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when  tuuchcd  viib  tho  blae  flame,  and  react  only  for  irun  with  tfae 
fluxes.  iSumetiraes  a  manganese  reaction  cau  be  ubtaiucd  with  soda 
and  nitre. 

4.  Cobalt,  Oo. 

Itt  occurrence  i»  the  mineral  kingdom  and  i»  metaUurgicai 

products. 

Cobalt  (>ccur.s  under  difTert'nt  cündition^  in  tlie  following  niioerals: 
a.  Cumbiued  with  arsenic  iu 
Smaliile,    The  minerals  inolnded  under  this  name  contain  urgeuides 

of   coboltj    irun,   and    nickel,   in    isuoturphuus    eombinutious. 

Bammelsberg  distinguishes 

a.  U*  As'    \  The  umount  of  cobalt  varies  between  3.a  and 

b.  K  As      V  24  per  cent.;  the  nickel  between  0?  and  'ioS  per 

c.  II'  As*    )    ctnt-;  the  iron  between  0.8  and  18.4  per  cent 

d.  Co*  As"  {Shifffriiäiiß,  tessrral  /','/*(/'■•*),  with  21  per  cent 
Cu,  a  little  of  which  is,  however,  replaced  by  irou. 

Wismuthkobalterx^  containing  9.8  per  cent.  Co  and  3.8  per  cent  Bi| 
lie^ides  Ah,  Fe,  Cu,  Ni,  and  S,  is  probably  a  mixture  of  (Co,  Fts 
Ni)'  As'  with  binmufhiiiite,  etc. 
A  Little  cobalt  is  likewise  found  iu 
Niccolite     |     . ,     ... 
(  lilounthitet 

b-  Combined  with  amenic  and  sulphur  in 
CobuUitc.— Co  S'  +  Co  As,  with  3.Ö.Ö  Co,  which,  however,  is  partly 

replaced  by  a  few  ^x-r  cent,  of  Fe; 
Glaiicndot  from  Chili, — (Co,  Fe)  S"  +  (Co,  Fe)  As.  or  more  exactly 
(fe  +  Fe  As)  +  2  (Co  +  Oo  As),  with  24  Co,  incl.  traces  of  Ni ; 
Daiiaite.— 5  (f  e  +  Fe  As)  +  (Oo  +  Co  As)  with  6.3  per  cenu  Co; 

included  by  Dana  under  the  following: 
Oobaltic  «rsenopyrite,  vide  irou, 
A  little  cobiilt  is  also  found  in 
GersdorlUte,  vide  nickel. 

c.  Cumbiued  with  sulphur  \x{ 
Syepoorito, — (,'o,  with  Ci.Ä  Co,  occurring  near  Rajpootanah  in  India; 
Linnicitc   {cfiball  pyrite»)  from  Sit^n. — KK;  K  =  Ni,  Co,  Fe;  R 
=  Si.  ßu,  S?e ;  (Puna  gives  ;i  6  +  fi) ;  contains  39.5  to  4:9.6  Xi 
and  11  to  25.(1  Co; 
Carrollite,— Cn  +  So,  with  38.5  Co  and  a  little  Ki  aud  Fo. 

A  little  oobiilt  is  also  found  in 
Grttnauitc  cide  nickeL 
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d.  Combined  with  selenium  in 
TUktTüdite  {cohaltic  dausthalite,  Dana),— Co  Se'  +  fi  Pb  Se,  with 
64.2  Pb  and  3.1  Co. 
a*  Aa  oxiiU  and  combined  witli  other  mvfaitic  oxides  in 
A&bfditc  {mrtby  eobai/),  vide  niftng;int;8e. 

limwn  rtiid  yelluic  e>irtht/  colrnih.     Tlie  viiriely  (Vom  Kamadorf  is  a 
mixnirp  of  hydrous  urseiiatea  of  iron,  cobalt,  and  lime, 
/.  Combined  with  aridn: 

«.  With  «nlphurir.  arid  in 
Bieborite, — ("'u  is  +  7  fl  ;  when  pm*e  containing  25^  Co»  but  gener- 
ally some  Oti,  Sig,  C'w.    The  rftriety  IVom  Biebtr,  near  Himaa, 
iit,  according  to  WinknlMt-t'li,  (C'n,  Sig)  ^  +  70,  with  iJO.8  Co. 
/5,  With  nritenic  nt'id  in 

Erythrite,— Co'  Xa  +  8  lY.  with  37.8  Co,  a  little  of  which  is  aome- 

tim^a  replaced  by  1^'i,  fi'e,  or  Ca; 
Earthy  cobalt  bloom   {/xol/aUbescfthf/)  is  shown  by  Karsten  to  be 

erylbrite  mixed  Willi  armMiuus  ucid  and  contitining  IG.«  to  18.3 

Üo; 

Lavenduhin,— Sß,  Co,  IsTi,  Cn,  and  G. 
A  little  cobalt  is  also  found  in 

Annab^rgite,  ride  nickel. 
g.  With  mrbonif  ai-id  in 

Remingtonite,  Co,  C,  fl  (Dana). 

In  mttalttirgicai  prodncts  from  ore  confining  cobuU  as  an  essen- 
tial, or  only  as  an  accidental  ingredient,  this  metal  is  likewise  present. 

In  addition  \o  miutU  fi-om  the  smalt  works,  the  following  am  the  chief 

prod  nets  to  be  ni^ed  : 

Cobtill  !*peisx,  which  settles  in  the  pots  dnring  the  preparation  of 
smalt,  vide  iron,  p.  2-Jl. 

JV*iVX*W  9pci.s8t  obtained  in  smelting  nickel  ores  poor  in  cobalt,  to  con- 
centrate the  arsenides  of  nickel  and  cobnltj  it  cnnMsts  rhiolly 
of  (Ni,  Co,  Ft')'  As,  or  H'  As,  and  ocrm^ionally  a  small  itmunut 
of  snlphides  of  Fe,  Co,  Pb,  and  Sb. 

ZMtd  Jt/icrVa,  resniting  when  ores  containing  silver,  cobalt,  niekel, 
lead,  and  copper,  are  smelted  with  plunibift'roiis  materials,  and 
consisting  chiefly  of  (Fe,  Ni.  Co)*  As  with  the  bnecs  in  very 
variable  proportions;  more  or  loss  of  the  sulphides  of  Fe,  Pb» 
Cn,  Sb,  Zn,  and  Ag,  ai^e  mixed  or  eombinotl  with  it. 

Üeßned  gpei»s,  so  far  fn«d  from  accce*»ry  ingredients  by  concentra- 
b'on  and  refining,  that  it  approaehes  the  comiMJsition  (Ni,  Co)' 
A«. 
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Rohsieinj  Uad  maff,  copper  matt^  viae  iron,  p.  221. 
Blags  from  smelting  ores  and  products  containing  cobalt,  and  alio 
from  refining  niccoUreroua  and  cobaltiFerous  black  copper. 

Bzamination  for  Cobalt, 

Including  the  blowpipe  ciiaracteriaUc^  of  the  €tbove  minerals  and 

prwlutt». 

a.  Oentral  examination  for  cobalt. 

Cobalt  is  Terr  easily  detoot«^  since  it  oxidizes  quite  rtadJIy  and 
then  imparts  a  smalt-blne  color  to  the  borax  and  S.  Ph.  bends,  wliieh 
remains  the  same  in  both  0.  F.  and  R.  F.    Simple  and  compound 

substances  cannot,  however,  be  treated  in  similar  ways. 
^kS*^  Metallic  nickel,  which  is  infnsiblc,  is  converted  into  arsenide 
before  testing  it  for  cobalt,  by  mixing  it  lu  thin  sca)«:^,  or  filings, 
with  a  little  metallic  arsenic,  fusing  them  together  in  a  cavity  on 
coal  with  the  R.  F.  and  treating  the  fused  button  a  short  time  with 
borax  directly  with  the  tip  of  the  blue  flame;  if  any  cobalt  is 
present  the  gloss  becomes  bine,  and  if  the  amount  is  not  too  trifling 
the  cleansed  but.ton  will  imiiart  a  blue  color  to  a  fresh  portion  of 
borax  also. 

The  manner  of  finding  cobalt  in  alloys  has  been 
described  under  iron,  p.  222. 
Compounds  of  cobalt  with  arsenic  and  othermetallicareenides  are 
fused  on  coal  until  they  ccaae  to  evolve  arsenic,  and  then  borax 
uKuidM.  '8  added  and  fused  with  the  metallic  compound,  now  con- 
taining less  arsenic,  nntil  thf^  glass  is  colored.  It  will  be 
pitre  smalt-blne,  unless  iron  is  present,  which  uxidijtes  sooner  than 
cobalt,  and  produces,  at  the  same  time,  the  color  of  its  proto-sea- 
qaioxide.  The  cleansed  bntton  treated  with  fre«h  borax  will, 
however,  show  the  pnre  cobalt  bine.  Any  nickel  and  cnpppr  present 
will  be  combined  with  arsenic  or  sulphur,  and  do  not  oxidize  nntil 
all  tlie  cobalt  has  been  separated  by  repeated  fusions  with  borax  in 
0.  F.  When'  the  fresh  borax  no  longer  assamoe  a  blue  colur,  hut  is 
brown  from  nickel,  the  remaining  button  is  treated  with  8.  Ph.  in 
0.  F.  and  the  glass  becomes  green,  both  when  hot  and  cold,  if  copper 
as  well  as  nickel  is  present  On  coal  with  tin  it  becomes  opaque  and 
red  ftx>m  suboxide  of  copper. 

Any  bismuth  is  immediately  recognixed  by  the  coat  formed  while 
removing  thu  cjccoss  of  arsenic  by  treating  the  sabstance  alone  on 
OOaI.  ]f  no  antimony  is  present  the  coat  may  be  tested  with  S.  Ph. 
and  tin,  vide  bismuth.    Metallic  arsenides  in  which  cobalt  forms 
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a  chief  constituent  maybe  rooeted  and   tested  with  the  fluxes  aa 
directed  for  snlphidoa,  hn*-  the  above  method  is  always  the  shortest. 

Sulphides,  sometimes  outuiuiug  aräenideä,  are  first  frentnl  alone 
on  coul  in  R.  F.  until  they  ceaüe  to  yield  anything  volatile. 
The  coats  tlieu  formed  will  indicat«  any  admixture  of  lead  pJ!p|Jj^*?i. 
or  bismtitli.  Tlie  fused  compound  is  j^ottdt^red,  well 
roasted,  and  a  pnrt  of  it  at  once  testetl  on  coal  with  bonix  in  0.  P. 
If  no  coloring  oxides  except  cobalt  are  present  the  glass  will  be  hlne 
and  remain  so  when  dilnte<l  with  borax  and  tested  on  platinum  wire 
in  O.  F.  A  trifling  amount  of  iron  will,  however,  then  render  the 
gUu8  green  while  hot.  If  copper  or  nickel  are  present  their  oxides 
will  likewise  dissolve  and  sometimes  entirely  conceal  the  cobalt  color. 
By  treating  snch  a  glass  on  ooaK  however,  in  the  R,  F.,  nnti!  it 
ap[>earä  transparent  while  fused  and  few  or  no  huhhies  escape  from 
•t,  the  copper  and  nickel  arc  reduced  to  metal,  nnd  cither  ihe  puro 
joIniU  will  appear,  or  the  cx>balt  color  mingled  with  the  bollle-green 
of  iron.  The  eejiaratinn  of  the  metala  is  promoted  by  adding  a  little 
test-lead,  p.  8t,  but  then  the  metallic  compound  obtained  ehuuld 
be  freed  from  tlie  exoc^  of  lead  by  treating  it  alone  on  cual,  after 
which  it  is  fused  in  0.  F.  with  S.  Ph.  to  detect  nickel  und  cop|ier. 
For  their  reactions»  vide  p.  84.  Gold  may  be  used  in  place  of  the 
lead,  ri'rfc  nickel. 

Metallic  selenides  are  first  treated  alone  and  then  with 
ix  on  coal  in  R,  F.,  until  Iht.-  glass  is  colored  by  the  easily 
oxidized,  tlxed  metals.    Should  the  gloss  not  show  a  pure  cobalt 
color,  il  is  treated  as  aljove  described. 

In  treating  metallic  oxides  or  their  salt«,  in  which  protoxide  of 
cobalt  forms  a  chief,  or  accessory  ingredient,  a  small 
quantity  ia  fused  with  borax  on  coal  in  R  F.,  until  all  the  ^"ffiii^ 
non-reducible  oxides  are  dissolved,  while  the  others  are 
reduced  to  metaU  and  such  as  are  volatile  have  been  volatilized.  .If 
oxides  of  cobalt,  iron,  and  manganese  are  present,  the  iron  dissulves 
B8  proto  sesquiuxide«  and  tlie  manganese  as  colorless  protoxide,  go 
that  the  glass  has  a  mixe<l  blue  and  bottle-green  color,  very  easily 
distinguished  from  the  green  produced  by  iron  alone  in  R.  F.,  even 
if  little  cobalt  is  present.  This  glass  in  0.  F.  on  platinum  wire  only 
shows  cobalt  and  iron  distinctly  when  manganese  is  absent ;  otherwise 
the  manganese  becomes  more  highly  oxidized  and,  coloring  the  glasa 
intensely,  conceals  the  cobalt. 

The  metals  separated  by  treating  the  glass  in  R  F.  may  form  a 
outton,  e.g^  when  much  arsenate  of  nickel  is  present,  and  they  can 
be  further  te«ted  with  borax  and  S.  Ph.    Should  the  amonnt  of 
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Dicki'l  1)0  HO  small  as  to  give  do  ccrtaiu  result  in  lbi>  nny,  nnuther 
motliod  must  lio  omployed,  (u  will  be  ipeoially  deffcrilted  nnder  nickel 

b.  Blowpipe  characteristics  of  the  Minerals  conlniaing  cobalt 
above  indicated, 

C0MI»0CNI)3   OP  COBALT   WITO   ARSKSIC. 

Smattife  iisuully  yields  in  the  closed  ttihc  metallic  arsenic*.  Cure- 
Ailly  hcatcU  in  the  open  tube  an  ubanduni  crystalline  sublimate  of 
aravnous  acid  is  obtaini'U,  uud  sometimes  sulphtirous  acid.  la 
powder  it  i«  converted  into  busic  ar:-enate  of  eobult.  It  iusna  on 
«Mil,  uitb  evdlution  of  ur&enic  fumes  to  u  grayish-black,  mn^'neüc, 
nii'tallic  button,  which  is  brittle,  and  with  bonix,  p.  238,  beliuvea 
like  aräenido  of  cobalt  containing  a  little  iron  and  nickel, 

.6'il-K//err'(/(7e' gives  »strong  Sublimat«  uf  art-eoiciu  tbcclused  tube* 
otherwise  like  smaltite. 

W'ismut/tkoiHilifrx  iu  the  doe«!  tub*  yields  metallic  ai-st-nic;  in 
the  ojk'U  tube  a  sublimate  of  araenons  acid,  and  with  litmus-]>apc>r 
allows  sulphiirnus  acid.  On  coal  m i u ters,  \'ia]ds  much  arsenic»  and 
forms  a  bismuth  coat.  By  tn-ating  the  remaining  ma^  «itli  Ihirax, 
p.  238,  uud  thr  button  wliieh  llieu  f^^'paratts.  after  froeiii^  it  from 
aoball,  with  S.  Ph»  iron,  cobult,  copper,  and  nickel  can  be  dHeoted. 

COMPOt'Xt>S   OP  COBALT   WITU   ABSEXIC   AKD  6ÜLPBÜR. 

(hbaitHs  (jfltiNet  cobnU)  yields  in  the  closi-d  IiiIm«  only  a  very  littlp 
ftrsenous  acid  formed  by  the  air  in  the  tnl>c.  In  the  upt-n  tube  at  a 
red-hrftt  it  yields  arscnons  acid  mnd  sulphuruud  acid.  On  coal  it 
yii-lds  sulpb|ir  and  arsonic  and  fnses  to  a  bntton,  which  ri-aoti?  with 
borax  like  an^nidc  of  wbalt  containing  iron.  By  treating  it  furtbcT 
with  borax,  p.  23S,  adding  gold  to  increase  its  volnme,  any  nickel 
praaent  may  he  dvU*i-t<Hl 

O)atu0dH  loaci  its  lustrtr  in  the  cloavd  tabe;  otherwise  like  oohol  -^r 
tte  in  the  do«ed  and  open  tnbee.  . 

It  (kises  quietly  on  coal  in  Hie  ItP^  yieUing  sntphnrand  ar^r~r^ia 
to  a  button,  wl-.ich  on  e«wtiog  has  a  bbcVt  n^ngh  snrface,  but  a  fit=jej 
fmim'd.  s^Utf<lik«  (htctuns  and  is  slightly  raa«rD«tic  j 

This  button,  trvaliM  with  borax  according  t»  p.  %3Sy  firvt  sboir-^a 
ctratt|E  m>n  rftuMiou ;  with  f^t-fth  hunuc  only  pare  emalt-ldae.  bu4L-  ifi 
linally  gv>hl  »s  addM  to  inm^iuv  the  n,^lnme  of  xhv  little  bntSwB  i 
iMBaintng.  and  Ihc  tivatment  wuh  U^mi  c«»nttan«^  the  last  tra««* 
vt  ÜW  ntMallio  arsr nid«»s  o\nlia»  and  sb<»w  a  Hn-Kle  nick«!  i\-ai-t20ii. 
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rOMPOfSDS  OP  COBALT  WITH   SULPHUR. 

Syepnon'/e. — Tlie  blowpipo  choracterifitica  of  the  natural  miui-ral 
■■nrt'  m)(  known.     Tlie  urtificiul  yield»  siiljihiirous  acid  in  the  open 
tube;  iiolhing  in  tlie  dost-d.     On  cool  it  hisos  to  b  glohulo^  wliicli 

tevcn  aft^r  long  treatment  with  ibc  B.  F.  still  ahovra  &  bright  giirriioe 
on  cooling,  and  is  mugnetic.  The  roasted  powder  shuws  pure  cubalt 
renctiong  with  the  fluxes. 

LinntPtU  from  Siegen  yields  a  slight  sulphur  euhlimate  in  the 
.closed  tube:  and  much  sulphurous  acid  in  the  op-n  tube,  Mith  a  very 
little  arsenons  acid.  If  used  [rt  powder  it  becomes  block  un  coidiug. 
^On  ooiil,  STiiall  frugment*  of  cn'stal  fust  in  iho  K.  F.,  with  gome 
[wohition  of  eulpliur,  to  a  globule,  whicJi  can  be  kept  fluid  for  sumo 
Itintc  with  the  surface  free  fi-om  oxide,  uud  forms  no  coat.  When 
Ecold  it  is  covered  with  a  black,  rough  oxide  film,  probaldy  magnetic 
[oxide  of  iR-n,  and  botb  the  whole  glolnile  und  frugments  Im-  fivm 
loxide  follow  the  magnet. 

The  roasted  powder  aifords  reaciions  for  (robulf^  inm,  and  uickcl. 
By  reducing  some  of  the  roasted  powder  with  neutral  oxalate  of 
t  potas^i,  a  magnetic,  metallic  powder  is  obtjtined,  (Had  tlie  metals 
I  Ijeen  combined  partly  or  entirely  wilh  arsenic,  the  roasting  would 
f  bare  formed  ba&ic  arsenates,  and  by  ivduetiun  glubules  uf  metallic 
,  arsenides  would  be  produced.) 

Carrollifc  behaves  like  niccoliferous  linnioite,  but  the  rousted 
mineral  also  reacts  for  copper  witli  the  fluxes.  (Dana.) 

COMPOUND  OP  COBALT   WITH   SELEXIÜM. 

TilkerodiU  yields  in  the  closed  tube  a  sublimate  of*  Belenium. 
On  coal,  evolves  the  odor  of  selenium,  coats  the  coal  with  selenium 
and  oxide  of  lead  and  tinges  the  flume  u^mrc-blne.  Tlie  assay 
decreases  iu  volume,  without  fusing  perfectly,  and  leaves  linidly  an 
anultcmhlc  scoria,  which  gives  iron  and  cobalt  reactions  with  borax. 


COMl'OCNDS   OP   rROTO.XIDE   OF  COBALT  TTITU   ACIDS. 

BiebeHle  yields  in  the  mntrnss  «"Bter  and  on  continued  beating 
sulphurous  acid.  With  the  fluxca  it  reacts  like  oxide  of  cobalt,  Tho 
magnefia  r^^n  only  be  found  by  dissolving  the  sailt  in  water  and  then 
aepamtiug  the  bases  according  to  p.  156. 

Sryfhrifp  yields  in  the  matrass  only  water.  The  red  crystals  from 
[ Schneelx-rg  glow, and  on  cooling  oiv  dark,  diity  violet.  (At  a  higlier 
[heat,  gives  off  arseuuus  acid  and  becomes  gray  or  black.  Dana.) 
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K  B.  in  the  forceps  the  crystals  fose  »nd  color  the  flame  ligtit  blue. 
On  vo»l  it  evolves  arfleuical  fumes  and  fnaes  in  R  F.  to  a  blockisb- 
gnty  gltilmle  <>r  ariteiiidt:  ol'  cobalt,  wliioli  with  ibe  fluxea  reacts  onlj 
for  cobult. 

Karlhif  coIhiU  bloom  yields  in  the  mntrass  water  and  arsenona  acid. 
Ou  coal  and  with  Üuxes,  like  erythrite. 

Larendnlan  yields  only  water.  The  assay  become«  lamollur  and  is 
bIiiish-iL,'ray  wheu  cold,  lu  the  foreeps  fuses  easily  and  colors  the 
flaniu  light  blue.  Tht^  ftiscil  assay  erysLullI?^»  with  targf  f-Mx%  on 
cooling,  like  phosphate  of  lead.  The  crystals  are  generally  black 
and  opaque, but  Buine  have  a  dark  hyacinth-red  colur.  On  coal  in 
It.  V.  it  rtis<-sand  seemd  to  be  reduced,  while  aetn^ug  araeuical  odor 
is  percept)  hie.  With  the  Auxcs,  shnws  cobalt,  nickel,  ahd  ooppor,  p.239. 

c.  Ex<iminniion  for  cobalt  in  m«taUurgiedl  proäuet** 

The  method  of  proceeding  may  be  deduced  from  the  cxaminatiOD 
for  ij-on  in  general,  p.  222,  and  in  case  of  product^^  p.  S34. 

5.  NiCEBL,  Nl 

Jtt  oceuTT$ne$  in  the  min^al  kittffdotn  and  in  metallttrgical 
products. 

Nickel  occurs  nnder  different  conditions  in  the  following  miocmls: 

a.  Combini.*d  with  other  metals  in 
Brfithanptite,"Ni' Sb»  with  32.5  Ni,  but  frequently  rendered  impure 

•    by  II  little  Fe,  As,  and  disseminated  galena. 
Meteoric  iron,  vide  iron. 
Melonitts— Ni"  To". 

b.  (j'ombinetl  with  argtfnic  in 
Jf  iccolite  (cvppiT  nickel). — Ni'  As,  witJi  43.5  Ni,  but  seldom  free  froni 

a  little  Co,  Fe,  Pb,  Cn,  Bi,  and  S ; 
Kiccolite  from  AUemout  and  a  very  similar  mineral  from    Balen, 

Lower  P}Ti'nees,  prnbulily  cMUtnin  \i' Sb  in  ifinmorphoii«  form; 

partly  aUo  slibnitc  aud  ullniuiiiiiu*  as  udmiAturvs; 
Rammel»hergileinid  L-hloantbite, — Ki  As,  with  27.6  Ki,  having  a  part 

of  the   Ni  frt-»[Ufntly  replaced  by  Co  and  Fe,  and  cotitaiuing 

occjieioiinlly  Botne  dieseminated  Ut; 
Tombazite  from  the  Freudiger  Bergmann  Mine,  near  Lobeostcin, 

containing  As,  Ni,  and  traces  of  Co  and  Fe; 
Smaltite.  vide  cobalt 


NH^KKf.. 


r.  With  aHtitnontf,  arsenU.  and  »ulpJiur  in 
DUmannit?, — Xi  S'  +  Ni.Sh,  with  XT.ü  Xi,  iiml  sometimes  a  littJe  Co 

and  Fe;  As  is  uftoii  pri-sont; 
Coryuitf. — Ni  S"-r  Ni  (As;  Sb),  with  ahont  29  per  cent  Nl ; 
Geredorffit«  and  anioibiU%ajiproximaU'ly  Ni  S'  +  Ni  Aa,  with  30  to  35.2 

Ni,  sometime  partly  rpplaoed  by  Co  and  Fe; 
JLtitimon-Argennickelyhim    is    a   rariecy   of    ullmannito   with    the 

formula  Ni  S"  +  Ni  (Sb,  As),  coutaioing  25.2  to  29.4  Xi ; 
Wi^tnuthhilfoUerZy  with  little  Ni,  vidi  cobalt. 

d.  Cümbiui'd  with  sulphur  in 
Milkfite^—^i,  with  61.4  Ni; 

Grünanite  {bigyfiuth   nirJ^el),  from  the  Grünan   mine,  near  Scliiitz- 
bach,  conKist«  ttccxirdiiig  tn  Suhmibt;)  of  32.5  S,  10.4  Bi,  22.4  Xi, 
11.5  Co,  11.5  C«,5.r  Fe,  and  4.3  to  5.1  Pb; 
Pentlandite. — J7i  +  2  t*c  with  21.8  N),  bnt  seldom  fi-ee  from  diMcm- 

inated  chalcopyrite; 
Lmn^Tiite.  vidf  cubalt 

A  In  the  oxidized  /ifnt«  in 
Bnnsenile, — J^i  from  Johann-Georgenstadt^accomjwiiied  by  biamuth 
and  annahergit«',  and  containing  78.3  Ni; 
/.  Combined  with  acids  : 

a.  With  carbonic  acid  in 
Zaratite  (emeiald  mcX-P/),— (Si  0  +  4  Il)-f2  Ki  Ü,  with  46.5  Ki 

ß.  With  sulphuric  acid  in 
Morenosite  (nicX-c/  vitriül), — ^iS+  7  3. 

•y.  With  arsenic  acid  in 
Ancnate  of  nickel  (auhydrons),  from  Johann-Gcorgenstadt.     Ac- 
cording to  Bergmann,  the  yellow  variety  is  5Ji'  As,  with  38^ 

Ni;  the  green  Tariety  Ä'i*  JVa,  with  48.6  Ni;  both  contain  a 
little  Co,  Cu,  and  ffi ; 

Annabergite  {nickel  odtre), — ]^i'  Äs  +  8  fl,  with  29.2  Ni,  aometime« 
alittleCo,  Pe,  andB; 

Cabrerite,— (T^i,  Öo,  Sfg)'  Ä's  +  8  it,  STi  =  20  per  cent  (Dana); 
Lavendnlan,  vide  eobiUt.    It  cotitaine  onlj  a  little  J^i. 

i.  With  »lUcie  acid'm 
KOttisite  U-iri— Ä'i  Si  +  t  Ö  (Winkler),  with  a  little  Cu,  Öo.  £e, 

7i\,  P,  and  X%.     According  to  Dana  perhaps  the  satne  as 
Genthite  {nickel  rjtjmnitf)  III,  1,— (Sig,  5fi)*  Si'  +  6  \\,  coutaiiiin 


S 


very  little  Pe  and  (^a; 
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Pinu-lite.-y  (X\,  Ä»)  5i  +  3  (Sig,  Hi)  Si  +  10  fi,  with  ntwly  3  iwt 

cent  ^*j; 
Alipite,-(%f;i)'5i'  +  aft; 
rühanl(s  -(*  ft  +  I  Si)  Si  +  I  fl  (Duna). 

Siimll  «lUiUiiiHea  of  nickel  are  ulso  found  in 
{'hrysolit«  und  olivine,  virh  magnesia; 
MeU'oriteg,  vid«  inm ; 
l!!iry*ttpni8C,  vide  quarU  and  silicic  acid. 

Sorenil  tneUllurgioal  products  c*mtaiti  nickel,  when  obtained  from 
niccolifcroiis  ores.  It  is  iisnully  cnnccntmted  in  cumUinutiou  Miüi 
aiiteuic  und  arsenides  of  cobalt  and  iroUf  eitlier  in  the  sulphide  com- 
INUinds,  {miitts,  ppgulus)  obtained  from  smelting  certain  silver,  lead, 
aud  cop[K*r  ores,  und  then  form;«  only  an  udmixlure,  vide  iron,  p  221 ; 
or  it  sutlUfl  in  cuinbinution  with  arsenic  aud  other  arseiiides^  as  well 
IM  with  mt'tullic  sulphidcf.  as  a  special  product.  tIz..  spti&s,  lead 
sji^nää,  i'i"(/r  wiiwlt,  p.  237.  It  further  forms  ihe  chief  ingreditrnt  of 
the  speiss  obtained  by  smelting  cobaltiferons  nickel  ot^  to  concen- 
trate th('  arsenides  of  cobalt  aud  nickel  in  the  ores,  as  well  u£  of 
rpflntil  f^tteiss  and  cobalt  tqieiss,  p.  237.  Ooeasioually  aleo  it  formB  an 
acccsiAonr  ingredit-nt  of  block  copper,  obtained  in  tlie  large  wnT* 
and  of  certain  slags. 

Biamia>Uoa>  for  Niekal, 

Imchtifing  fJU  hhwpi)tf  thanuiwUiiet  tf  ikt  minrmU  ahom 

■.  ffmffrof  fgrnmiHmHon  fur  mietA 

Nickel  can  b«  detected  with  certainty  and  oomparmtiT«  e«ae^  «t«o 
when  in  Tvrr  trifling  qouilitMa.  For  its  reaetwos  with  the  flaxee^ 
ri^  p.  106. 

Fusible  alloys  contmining  nickel  are  ndted  for  some  time  with 
borax  on  co«l  in  R  F.  and  the  gUas  treted  on  platJaam  win 
ill  O.  h\  riti*  p.  t^;  iwtioe  bong  ate»  taken  of  nnr  ooat 
Mittcd  on  (he  coal  Th^  ry  iwmg  aMtaUie  b«tt««  is  again  tested 
with  horat  in  R.  F^  to  a$cHtain  whether  the  glass  stall  take«  .ip  any 
nxfiVi^  of  the  no»«tedacihle  aaetal^  or  whethrr  it  Tenains  eolorlea^ 
tr  The  latter  case  fte  hwttra  is  tvmted  with  S.  Fh.  in  O.  F^  to  dii- 
(N>^vr  whtUwi  only  th^  nkM  coloAkm  rrsslts.  or  whether  copper 
H  Ukewite  pfeeeat«  i«  «hkh  eaee  a  gnm,  «r  ycllowidt-gxeen  glaa»  ii 
knmtX  whk4i  maahw  giv««  o«  flMfia^  aad  with  tin  on  eoal 
>SBuiMi  epaqwB  waA  mL    i^hewM  aalMeaT  er  himath,  howwrvr»  be 
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ftUo  pr«tCDl,  the  gloss  hfud  bocomes  black  on  cooling  and  the  copper 
jvactiou  is  ihns  concfaled.  It  is  thou  iiectssary  tu  employ  a  new 
\nQvey  and  before  nsing  the  fltixca.  ui  treiit  it  alone  on  coo)  in  R.  F^ 
until  it  cca8(^5  to  yield  unything  vututile. 

When  the  alloy  U  tnfugible  nnd  consists  especiuUy  of  iron,  the 
proce«s  indicated  for  native  iron  niuy  he  folluwed,  p.  220 ;  but  when 
it  6Ceni8  to  consist  chiefly  of  nickel  and  oobüit,  these  umy  be  coii' 
Terted  into  arsenides,  as  descaibed  on  p.  238,  for  testing  metallic 
uickel  for  cobalL 

C'oniix)und8  of  uickel  witli  arm-nic  und  ursenides,  or 
enlpEiides,  which  sometimes  contain  arsenides,  are  treated  ud'elS(!ud«k 
just  like  the  correspondiug  cobalt  compounds,  p.  "^36^  and 
p.  239. 

In  metallic  oxides  and  their  salts,  the  nickel,  if  not  in  too  small 
quantity,  can  he  found  by  the  method  given  for  the  cor- 
rp«|ionding  colmit  coni[Miunds,  p.  239.  hut  u  very  trifling  "i^'^^iL"** 
amount  cauuot  always  b«  thu»  detected  with  cx-rtaiuty. 
It  is  then  safer  to  proceed  ub  foUuW;'.  Suppose  it  is  desiivd  to  teat  a 
combination  of  oxides  of  cobult,  muuguuese.  and  iron  for  a  Tri&iug 
umotint  of  oxiile  of  nickel ;  a  sntticient  quantity  should  be  dissolved 
in  borax  on  platinum  wire  in  0.  K,  tlie  very  dark,  or  quite  opaque 
bead  shaken  off,  and  two  or  three  such  beads  prepared.  These  are 
treated  in  a  cavity  ou  coul,  or  in  a  coid  crucilik-.  with  a  jmre  gold 
button  of  fifty  to  eighty  niilligr.  weight,  in  a  strong,  active  K.  F-, 
uutil  it  is  certain  that  all  of  the  nickel  is  reduced  from  the  bead  and 
collected  in  the  gold  button,  which  has  iK'en  broujirht  into  contact 
«Itli  every  portion  of  the  fluid  glass  by  carefuily  turning  the  coat. 
When  the  button  has  solidiflcd  it  is  liftetl  fix>m  the  glass  and  freed 
from  any  adherent  glass  between  pajwr  on  the  anvil.  A  trißiiig 
amount  of  nickel  suffices  to  rt-udcr  the  button  more  or  I.:»-»  yray  and 
harder  under  the  hummer  than  pure  goUL  If  the  borax-glass  was 
not  gupersaturated  with  oxides,  so  that  none  of  the  cobalt  Cuulil  l>e 
rtrduci'd,  the  gold  bntton  treated  for  some  time  in  0.  F.  un  coal  wit)» 
S-  Ph.  will  impart  to  this  only  the  nickel  color  ;  retUUsh  to  bruwnish- 
red  wliile  hot,  and  yellow  to  nddish-yelloiv  after  cooling,  according 
U>  the  amount  dissolved.     If,  however,  cobalt  hml  been  reduced,  it 

ill  ftxidixe  sooner  than  the  nickel,  and  cither  pi'oduce  a  blue  ct^lmlt 
unly,  or  a  bead  xvhich  will  t>e  dark-viulet  when  hot  and  dirty 
l^en  on  cooling,  if  some  nickel  hatt  been  oxidized.  lu  either  cade 
the  bntton,  freed  from  glas^,  is  treutcd  with  frosli  S.  P)i.  in  0.  F., 
until  tlie  hot  glass  set'ni^  colored,  whfu,  it  the  ori^rinal  borax  beadi 
liad  uut  been  too  highly  supersaturated,  the  glass  will  show  only  the 
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nickel  Qolonition;  if  the  metmllio  oxides  were,  bowerer,  freo  fnun 

nk-kel,  tbo  gloM  will  be  culorlosa. 

Wht'ii  tlie  oxitles  or  salts  rontain  other  coloring  oxides  which  ire 
likt-wi»i>  redtieod  in  tbc>  niL-lullio  &tut«  fi-om  the  bonuc  beads,  as  oxide« 
of  copper.  i\w  gold  buttuo  will  coiitftio  both  nickel  and  oop^xr,  luitl, 
after  tK*inK  freed  from  anj-  trifling  amuuut  of  cobalt  bv  nu-ans  of  S. 
Ph  ,  will  yii'ld  with  a  fri-tih  purlioü  of  that  ealt  a  glass  wbioh  is  fircrn 
whilo  hot,  even  if  the  cnp^icr  pivdominatcs  considombly.  und  rpiniiins 
(fTcfn  on  cooling,  but  treat^'d  witli  tin  becomes  n-d  and  i>piW|ue.  U 
th(i  ftSHuy  was  jH-rfeelly  freti  from  nickel  the  hot  S.  Ph.  bt-ad  will, 
indeed,  bu  green,  but  it  hecouius  blue  uu  couliiig.* 


h'  Hehavior  of  (he  alxnv-uientiotttd  niccoli/erüun  tnineralii  before  tht 
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Melonito,  vide  under  tellurium. 

ßreithttupfite  in  the  opi-n  tube  evolvt-s  copioas  antiinonial  fauii 
without  fui*ing ;  iho  »wsav  is  pnijiph-grfeu  on  exiling.  Jt  fuse« 
ciiul  in  It.  K-,  »nd  after  the  blast  is  »topped  continue«  to  eiuit  fu 
for  n  «hurt  time,  like  uutiniony.  but  without  Irecoming  cuvervd  wilh 
oxide  of  antimony.  On  n^newing  the  bhwt  a  cout  of  oxide  of  auti- 
niony  is  formed,  near  whioh  a  yt-llow  lead  eout  may  be  pDniniwl 
by  disoemiuated  gidena.  Should  tlio  miuerul  alone  gire  no  araonie 
odor,  this  b«x»>tnt*ii  {terecptible  on  adding  soda,  and  the  soda  will  uUa 
atTorxl  a  sulphur  reaction  in  cjtöe  the  assay  was  nut  quit«  frtv  fmm 
caloUA.  The  ghuM  obtained  with  borax  on  nial  in  K.  K.  shows  nuly 
iron,  and  altni  when  tills  gU^s  isafUrward  trvated  **u  platinum  wtrp 
in  0,  K  only  IUI  Iron  coloration  is  produced,  hut  by  tr 
nMuaining  buitou  wit)i  ftvsh  borax  in  0.  F.,  the  nickel  :  j 

obtained. 

A'lVvWi/^,  /infv  fnm  antimoHjf,  yields  a  rerr  little  arsenons  acid  ia 
the  chvtctl  tnU\  but  in  the  open  tube  it  yields  ar^^-nouä  acid  abttft* 
dantly  and  nmiflime«  snlphuntus  acid;  the  assay  becomes  \ell'ri- 
gnvii  and  cranibk-s  to  powder.  On  coal  it  yieMs  arck*n»cal  üimo^ 
and  fktsm  lo  a  bnlion.  whtrb  tmUrd  a  stiurt  time  vilii  borax  »howt 
rt^Kilt  and  ir\Mt.  and  (he««  a»  vent  distinttlr  seen  vh«n  th-^  gUMts 
tvmtUed  i>n  pUtinum  witv  in  O.  F.     A  feeble  lead  or  bisniuth  wat 
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aettmes  formed  autl  the  remaining  btitton   shows  nickel  re» 


The  blowpipe  characterUtics  of  thü  aHiimoniai  nicr.oiite  from 
'Allomout  ami  Hnlen  arc  not  known,  hut  tlie  various  conElitueut-8 
Diight  be  foutid  a£  iu  brt'itiiaupUte.  wblU'  the  inluiTuI  probably  ulau 
shows  a  Itchttvior  similar  to  that  of  ullmanntte  below. 

»TombaiiU  tiehaves  like  niccolife  con  ruining  u  Hitle  Co  and  Fe. 
Rammdifbfrfiiie tavnii  chtvanthite  behave  like   Dicc<»]it*,  but  yield 
xntftullic  arsenic  in  tho  closed  lube;  the  residue  then  corresponds  to 

PAiccoIiie.  With  the  fluxes  a  little  cobalt  und  iron  cau  gL'tierally  also 
be  detected,  while  u  trifling  bismuth  coat  is  occasionally  formed. 

UUmauitite  (niccoH/eron»  ffrat/  atiii'titfuit/)  yields  a  trifling  wliiic 
BublinuHto  in  the  closed  tnU-,  und  iu  the  open  tube  copiouü  autimo- 
Dial  fumes  and  eulphuroue  acid.  On  conl  in  R.  F.  fuses  to  n  globule 
And  eTulves  antimoiiial  fumes,  which  partly  <'«at  the  coal.  Some- 
times arsenic  n-places  part  of  the  autiaiony  und  may  be  detected  by 
its  odor,  wliich  is  moil  jierceptible  when  the  lusuy  is  fuM.'d  in  0.  F. 
with  test  leail,  vide  arsenic. 

Vr'ith  the  tluxc-9,  iron,  cobalt,  and  nickel  are  detected  as  described 
ander  niccolite, 

»Gerwiarßte  {nickd  t/lance)  decrepitates  in  the  closed  tube  and 
jiolds  a  yellow ish-brown  sul.'limate  of  sulphide  of  urseiiic.  Iu  the 
open  tube  arsenous  and  snlplnirüiis  acide.  Ou  coal  yields  suljthuruus 
and  arsenical  fumes  aud  fuses  to  a  globule,  which  gives  Mitlt  the 
fluxes  iroD,  cobalt,  and  nickel  reactions,  ride  niccolite. 

Amoibih  reacts  probably  like  the  above,  while  ullmuiniile.  when 
contuiiiing  arsenic  as  well  as  antimony,  as  in  A nfinion-.t isrhtiicl'rl- 
^ plants  gives  the  rettctions  of  both  uUmuiiuito  and  gersdortMle. 

MiUeriic  yields  sulphurous  acid  in  the  open  tulie.  Ou  con!  fuges 
rather  easily  to  a  globule  which  ppirts  strongly  und  diminishes  some- 

»vhat  in  volume,  but  remains  Uuid.  Koasted  und  tlieu  treated  with 
a  good  ß-  F.,  it  yields  a  colicrent,  somewhat  malleable,  metallic,  and 
magnetic  maits.  Well-roasted  millerite  gives  the  nickel  reactions 
with  the  flaxes,  but  frequently  a  little  iron  and  copper  can  be  de- 
,  tectiHl. 

OrOnauiie  in  the  open  tube  yields  sulphurous  acid  and  a  fliight 

Dwish-white  coat,  apparently  of  sulphate  of  bisniuth,  wliich  tset- 

inear  the  assay.     On  coal  it  evolves  sulphurou'j  acid  and  fuw«  to 

igiuy  bntton,  which  afterward  aflVirds  a  yellow  coal  of  oxide  of 

Ibiamuth  und  a  white  coat  of  the  t-ulphatc.    The  residue  powdered. 

Iroasied.  and  tnaUd  with  the  fluxes,  shows  nickel  chiefly,  with  wm* 

Icidemble  quantities  of  cobalt,  copper,  and  iron.     Load  cannot  be 
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found  in  the  dry  «ay  alone,  on  account  of  tbe  not  animporüuit 
amount  of  biäinuth. 

PguihiHitiie  in  the  open  tube  yields  salphuroua  acid.  On  coal 
fuses  to  a  globifle,  having  a  yellowish,  metallic  fructur&  RoaaUMl 
und  tested  with  borax,  shows  chiefly  nickel  and  iron,  with  u  little 
•ooppur  from  dissemioated  chaloopyrite. 


PBOTOXIDB  OF  NICKEU 

For  its  reactions  Wrf#  p.  106. 

PROTOXIDE  OP  XtCKEL  COMBIKED   WITH  ACIDft. 

Zaratite  at  100^  C.  yields  much  water  in  the  matrass  and  msBOBtm 
a  black  color.  It  dis^hi'«  with  FfTervcsccnce  in  the  fiaxea  aad 
brharcA  like  prutuxide  uf  nickel. 

AHtuibentite  in  tbe  matrass  yields  water  and  livcotne«  darker. 
R  R  fuft-a  in  the  tip  of  the  blue  flame  and  tingra  the  outtr  flame 
light  blue  (arsenic).  On  cual  in  ii.  F.  yields  arsenical  fumes  and 
fuses  to  a  bUckish-gray  globule  of  arsenide,  which  nsually  vitb 
borax  iu  K.  F.  first  shows  cobalt  leebly,  and  then  in  0.  F.  with  fresh 
Uifiix  sUows  niukel. 

With  soda  on  coal  occasionally  yields  ibe  sniphnr  reactioa. 

ArstHMi*  a/^  AkJMt— Both  rarieties  react  like  annabergite.  but  arr 
«»altered  iu  tbe  dosed  tube  (Dana). 

Amouß  the  siUostee  abore  nam«^  pim^U  yields  water  and  evoIvM 
a  bamt  odor,  becoming  blade  in  tfae  macnue. 

R  R  Ut»t  only  on  thin  edg»  uid  then  ■■wmw  a  gray  ap| 
anc«.  DkssolTn  rather  easily  in  borax  and  SL  Ph.  tbowiu^  nirS^l 
and  «Qtcik  It  is  imperftctly  dtssotved  by  soda;  if  the  R.  P.  ts 
cntpkkTtd»  ma^etic,  metallic  nickel  is  obtained  upon  waabing  away 
th«  slaj;.    Tbe  remainiag  siliemt««  behave  qwte  cimilarty. 

To  dele«!  the  magnc«^  tima  aluaina.  and  trifling  araonnt  of 
irvm  in  the«  miaends.  thej  must  be  powder^  and  fosed  with  soda, 
borax,  aard  surer  o«  coal  in  B.  F;  and  ftirtber  lniaUil  acoordtng  t« 

Jfsrraasrt»  yiehU  acid  wutrr  in  tbe  antraia.  swdb  np  aad  bardrai« 
hMommg  Tellow  and  opaqn^  With  borax  and  &  Ph.  m  distinct 
miekel  wttwn.  The  ttäecheladocf  »wfral  colon  Ih»  outer  flaaa 
U»^  ttvm  the  ywewtce  of  annüe  (Dua).  A  an^ihnr  resc 
•htainra  wiA  »da  ta  K.  F. 


ZINC. 


M» 


c  Ezamination  for  nickel  in  tnelallurgieai  producU. 

The  method  of  exuxuining  products  fur  uickel  has  heoa  givea 
partly  under  the  genem!  (.'xamination  for  iron,  p.  232,  and  purtly 
ander  the  description  of  products  contuiaiug  irou,  p.  ä34. 


6.  Zinc,  Zn. 


lU  occurrence  in  the  mineral  kingdom  and  in  meiaUuryicai 

products. 

Zioo  ocoura  in  oature  under  the  following  couditiona: 

a.  MeUtUic,  as 

Native  zinc,  Zn  with  some  Fe  and  Cd.  It  has  heretofore  boon  fonnd 
only  iu  Anstruliun  b:isalt  and  gold  sands. 

b.  Combined  with  sulphur  in 

Sphalerit«  {ti^ic  bhnde).  yellow,  green,  red,  brown,  and  blaclv,  very 
rarely  colorless.  The  pnreat,  colorless  variety  is  /n,  \\\i\\  CÜ.U 
Zn.  The  colored  varieties  contain  more  or  less  sulphide  of  iron ; 
the  blucltish-browü  varii/tv,  from  various  loeaUties,  is  Fi.«  +  4  Zn, 
■with  54.5  Zn ;  marmntite,  or  black  blende,  is  Fe  (-3  Zn,  wirti 
51.5  Zu;  ehrUtophite  is  Fe  +  2  Zn.  with  46.1  Zn.  A  frequent 
constituent,  of  sphalerite  is  Cd;  Mu  occasionally  occurs,  pur- 
ticnlarly  in  the  black  variety,  \Oiich  not  unfrcquently  contains 
tin;  finally,  8i>liulerite  (the  blackish-brown  or  brown  variety) 
seems,  thus  far,  to  be  the  minoral  in  which  indium  especially 
occurs. 

Xfeberbiende,  Zn  mixed  with  org-auic  substances. 

Wurtzit^. — Zn,  likn  fsphalerito  in  composition. 

Zincfjihlurz  {Ktipfcrblcude),  vide  wjpper. 

A  little  zinc  also  occurs  in  certain  galenas,  via.,  from  Przibrara, 

containin;^  2  lo  3.5  per  cent  Zn,  vide  lead  ;  iu  jamesonite,  vide  lead; 

in  staunite.  vide  tin.  and  iu  telmhedrite,  vide  copper. 
e.  In  a  combination  of  sulphide  with  ozide, 

VoUzite.—Zn  +  4  'In.  with  C9.2  Zn,  but  containing  a  little  Fe. 
d.  As  oride  in 

Zincite, — Zn,  with  80.2  Zn;  generally  mixed  with  more  or  less  J3n, 
frunktintt«*,  or  maRUetite. 
«.  As  oxidf!  combined  with  other  meiailic  oxides  in 

Franklinite,  vide  muugauesL-. 
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/.  Combined  with  sulphuric  acid  in 

GoBlarite  {zinc  vitriol), — An  15  +  7  Ü,  with  22.6  Zn,  but  often  con- 
taining oxides  of  Mn,  Fe,  and  Cn,  with  earthy  matters,  aa  im- 
purities; 

Zincositc,  perhaps  An  5; 

Olockerite,  vide  iron. 
g.  Conibiiu'd  with  carbonic  acid  in 

Smithsuniti-, — 2lii  0,  with  52  Zn,  but  in  most  rarieties  some  2u  ii 
n-pliioc'd  hy  other  oxides  and  by  earths,  viz.,  iTe,  Sin,  Cd,  Cu,  f*b, 
Ca,  and  ](lg,  so  that  the  2n  0  may  sink  to  40  per  cent;  msDj 
vtirii'ties  also  conUiu  intermixed  calamine. 

Hydiitziucite  {zinc bloom), — 2n  0  +  2  2n  Ü,  with  57.1  Zn; 

Auriolmlcite  {bHraitfe),—l\i'  C  +  2  Ü)  +  (Cu'  C  +  fl),  with  353 
Zn  and  1^3.2  Cu.     Buratite  contains  a  little  Ca; 

Iglcsiasite  {Zincbleispath),—t\i  Ö  +  6  I^b  Ö,  with  3.7  Zn  and  713 
I'b. 
Ä.  Combined  with  arsenic  acid  in 

Köttijrito  from  Schneeberg, — 2n'  5s  4-  8  It,  with  part  of  the  An 
ivphu'i'd  by  Co  (ti.9  iier  cent)  and  Äi  (2  per  cent). 

AdamiU\—'^A\*  As  +  tw  Ü  (Dana). 

i".  With  silif'iv  arid  in 
WilK'niito  111.  10, — Zn*  5i,  with  72.9  Zn,  but  often  contaiuing  alit- 
tlo  Xln.  ^o.  Oa.  :md  Mg; 
TriH^stiit'  II-lll, — wilK'mite  with  part  of  the  In  replaced  by  iln,  £"6, 

and  "Stig ; 
Calamino  {/ii/droti.<  ailictifv  of  linc)  II-III,  IG. — 2n' Si  +  0,  with 
lit,.'»  Zn.  but  somotimes  containing  a  little  f*b. 
Oxido  of  .:inc  ulso  forms  a  trifling  ingredient  in 
Jolforsonito.  i'/r/(-  limo. 

i:  iVmbinM  \vi;h  ii-utuino  in 
iKihnitr  f^,:-'-  i.-Hu)  111.— ^Zn.  Sig.  f'e)  3tl.  with  19.4  to  27.9  Zd; 

:UluM  I»»  II  an.' 
Kivitiouiio  HI.     {7.i\.  P%\  Sig.  Xinl  -  {X\.  R?),  coDtaicio^  21.3  Zd, 

and 
l\v>lui!i\     \1\\.  tV.  Sln>  *  ^Xl.l^'V  with  13.4  Zn. 
Zuio  ^Kvur:;  in  >uriv»us  motaV.urj;ioal  f^rvMlucts: 
■I.   .Vr.'j'.'i.*  ui 
A\ift'  ;♦•;,»  ^vuiaiuinj:  u^u;*Uy  .i  llrrlo  Ph,  Fe,  Cd,  and  sometimes  la 
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The  firit  portions  diatiUed  from  cadmiferou«  ores  are  particularly 
rich  in  cadmium. 

4.  Combined  with  sulphur  in  vurious  prodaots  consisting  of 
Cnetallic  fiulphidea,  \iz.,  liuhslein,htid  and  copper  matt«,  cadmia  from 
*l)e  JiohO/en  and  l^-ad  fumaceä,  wben  llu'se  products  result  from 
^iivur,  K'ftd  or  copjwr  ore»  cuntuiuing  blende. 

&  As  otxitU,  vhich  collectä  at  the  cummeucemeut  of  the  ziuc 
diätillntion  in  the  condensers,  together  with  metallic  zinc,  a«  well  as 
during  the  further  prognss  of  the  operation;  the  first  portiuus  ai-e 
u^aally  very  rich  in  cadmium;  the  oxide  also  is  found  in  the  slags 
ind  flue  rakiuga  produced  by  «melting  roasted  sliver  ores  conUkiniug 
blende  in  shufl  and  rev  erbe  i-atury  furnaces. 

Here  is  included  also  the  cadmia  {G ichienschwamm)  of  the  iron 
i4Mat-furna<;e$,  which  sometimes  cunsi^ts  of  pure  cniStAlliztfl  oxide 

«iuc,  but  frequently  forms  only  a  compact  mass  uf  oxides  of  zinc 
«nd  irun  mixed  witli  earthy  purticlus.  Finally  the  liohofcnblunie 
tatiet  be  mentioned,  which  collects  aa  a  white  cuat  on  the  breust  of 
the  Roho/en  and  consists,  when  ores  coutaintug  blende  are  smelted, 
cbiftly  of  oxide  of  zinc,  but  is  often  mixed  with  sulphate  and 
Ottrbouate  of  lead  and  with  the  acids  of  autimuuy. 


r Including  ike  hloivpipe  chartuiin-isdes  of  the  miiwrah  mentioned 
abam. 
T 


BzamlnatioD  for  Zlao, 


o.  General  examiitatiOH  for  zinc 


The  examination  for  zinc  is  very  simple,  as  the  metal  is  volatile, 
vhile  iU  oxide  is  fixed  in  the-  0.  F^  and  is  very  certain  iti  i-nse  the 
anbstance  contains  mnch  zinc,  or  if  conttiluing  little  xino  is  free 
&um  other  metals  or  oxides,  which  are  reduced  on  coal  and  form  a 
ooat  When,  however,  a  very  small  amount  of  zinc  is  present  with 
much  lead,  antimony,  or  bismuth,  for  example,  it  cannot  always  be 
cx'rtainly  detected  by  the  blowpipe. 

Subtttauces  aintiiinine  much  ziuc^eitberassnlnbide 

.,  ,1.  1  ..*,       Mwallle  iQlplildM, 

or  oxide,  aiv  treated  ulont-,  but  those  cuutjiimng  only       oxidt«.««. 


H  little  may  be  puwdered  and  fused  with   tiuflioient 

on  coul  in  R,  F.;  geuerully.  however,  the  lattt^r  will  also  afford 
ft  distinct  zinc  coat  witli  a  goinl  R.  F.  alone.  When  the  subtituueeid 
a  combination  of  uitnalltc  oxides,  or  contains  ptisaibly  some  oarihs  m 
addition,  a  mixlnre  of  two  parts  of  soda  »ith  one  to  une-aiid-a-baif 
of  borax  is  employed.    The  ziuc  is  tbus  volatilised  as  metal,  but 
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ininiedtatt^I}'  oxtdtzej*  again  and  deposits  od  the  coal  a  üuut,  whicli  ü 
yelluw  while  hut  aud  wbite  when  pi'i'fecUy  cold.    This  ciHit  is  Espe- 
cially chitrnctcrized  by  the  green  oolor    wi)ich  it  assumes  wbea 
muisteued  with  cubult  solutioiii  aud  ignited  iii  0.  F^  p.  111.*    II 
the  substance  coDtaina  mach  lead,  the  zinc  coat,  although  not  so  fir 
frum  tb(j  u&stty  as  the  lead  coat,  iä  usually  rendered  impure  hy  uxJdt 
of  lead.    On  muiätening  such  a  cuüt  with  cubalt  eulutiuu  aud  cut^ 
fully  igniting  it  in  0.  F.,  the  oxide  of  lead  is  redacvd  by  tho  glowio; 
coal  and  volatilizes,  leaving  the  oxide  of  ziuc.  which  osaumes  .-■ 
color  on  cooUng.    Should  ihe  zinc  coat  be  so  thin  that  it  is  1.  < 
be  blown  away  after  being  muistent'd  with  cobalt  6ulation.  a  declare 
result  may  not  always  be  obtaiued,  and  it  is  then  better  to  moistru 
the  coal  where  the  zinc  coat  generuUy  forms  with  the  solution  befun: 
ti'cating  the  snbtjtance  with  the  Same.    A  single  drop  spn.-ad  i»ut 
with  A  glass  rod  is  sufficient  for  detecting  a  little  zinc.    iSinoe  >t  ii 
necessiiry  to  treat  the  eubatauce  for  some  time  with  the  blo«[rtpe 
flame  the  moistened  spot  is  ignited  at  the  same  time,  any  oxide  i»f 
lead  or  bismuth  mixed  with  the  oxide  of  zinc  i»  removed,  hdJ  ibe 
deposited  zinc  coat  ap|K-ars  distinctly  green  when  cold.    A  eimilur 
procrss  may  be  nsed  in   case  of  a  feeble  coot  already  forrard  hy 
moistening  the  latter,  aud  then  directing  the  Üame  nut  upon  it.  but 
directing  the  R.  F.  again  upon  tho  assay  on  the  coal,  whereby  mer« 
»DC  ia   volatilized,   while  the    already  moistened  coat  is  iguiu^ 
throughout. 

It  must  bo  borue  tu  mind,  however,  that  wlieu  the  sul 
OontaiuA  little  or  no  zinc,  but  much  antimony,  aud  the  coal  k  .i-  ■.-■ 
ened  before  employing  the  blowpipe,  a  cumbiuatioD  of  cobalt  «ttli 
one  of  the  acids  of  anlimony  will  be  formed,  which  likewise  uiu" 
green  color  aud  cannot  be  driven  ofif  with  the  O,  F,  (i,  !>i  lu  ibu 
ease  a  little  xino  can  only  be  found  with  diflicutty  before  th« 
blowpipe. 

With  many  compoands,  however,  as  in  antimonial  tetruhtHlritf. 
it  ia  possible  first  to  vohitilize  nearly  all  of  the  antimony  nrilli  the 


*  While  «xperinwntitis  with  n  wiluuoo  of  from  «lu'IIu  in  alrobut,  tlw  tniul*'*^ 
Dutiocd  tlio  curiüiu  fact  that  oxidu  or  xtnc  auiuncs  a  very  tlec:-lcd  pink  color,  wl"* 
HKn*ten<.il  with  such  a  foluliuR,  whilv  oxid«  of  tin  »tiffcn  no  funtfrr  cb«ni:>'  ' 
th«n  if  dno  t»  tho  tpUow  tia^  of  the  mliirion.  Although  Dot  m>  dcUcotc  us  ili 
■otulkw  iv«t,  thi»  iN'hiiYior  mi^t  »till  W  of  somu  «««.  Moigtrticd  witli  iIk  •^^■''■ 
nlottou  nia^u^iu  usumcs  a  aiuiu  rvdilUb-iuiik  i-olur  ;  ftluminti  »n  inili»iinci  trl^ 
tt>k>r.  with  ft  »liH'lv  uf  ml;  while  »lica  aii«l  ptHi^pbatv  of  nmenoin  ^•ivrn»'!*^^^ 
color.  Tht  «uh»tnucu»  trnd  only  he  noutvucU  *>i\U  ibe  »olutiitn,  «ml  must  w*  ^ 
bHlBd. 
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O.  F.  und  Lo  remove  tlie  oxide  of  antimony  from  llic  coal  by  directing 
llie  ^uuie  «jxju  it,  ufler  whit'li  tlie  zinc  may  be  dettclfd  by  treating 
Eibe  residue  in  the  K.  F.  ob  above.  When  tin  is  present  sine  euDnot 
'be  {"eeognizcd  by  tliecout  formed  on  eoul,  »s  its  uxidi*  is  then  mingUtl 
'  with  biuoxidu  of  tin,  wliiuh  aeeumeä  u  bloiäh-greeti  color  ^vith 
'  cobalt  aolutiou,  p.  111. 


b.  liehavior  of  the  nb&ve-natned  zmciferont  mintraU  befvr* 
the  bhmpipe, 

COMPOC?IDS   OF   ZINC   WITH   SULPHUR. 

Sphalerite  iu  (he  elided  tube  sometimee  decrepitates  with  great 
TioU-nce,  but  yiflds  nothing  vülalile  and  generally  retains  its  color. 
The  ignited  a^eay  being  Btrongly  lieiited  iu  tlie  open   tube  evolves 

[sulphiirouä  aeid,  and  if  heat^-d  for  a  stifilcient  limeapjit'ars  yidlowisli 
or  brovnibh-red,  according  aa  il  contuins  little  or  much  Iron. 

Tivaled  ulone  in  K.  F.  on  coal  it  tiist  yields  a  feeble,  reddieh- 
browu  coal  of  oxide  of  cadmium^  unlcse  too  little  cadmium  is 
|}ree«ut,  but  afterward  a  dintinct  ?.\\\^  coat ;  it  is  infusible.  In  0.  F. 
^t  TtMMtit  compU'tL'ly.  but  ratlier  slowly,  and  then  with  borax  n.'adily 

Ikhows  whetbiT  much  or  little  iron  is  present    With  soda  on  coal  it 

"aflbrdfi  zinc  and  cadmium  coats. 

Ltberbletiile  yields  in  the  matra«s  water  and  a  trifling  ^ulphnr 
sublimate;  ut  tirst  an  odor  of  sulphuretted  hydrogen  is  aleu  evulved» 
which  afterward  changes  to  a  burnt  odor.  It  decrepitates  violently 
and  becomes  more  or  los«  black.  The  variety  from  CornwaÜ 
becomes  nearly  black,  but  there  are  vuri'-lies  which,  on  the  eontrury, 
«Mnme  a  lighter  color,  viz.,  from  llochmiith,  near  Geyer,  Saxony. 
The  mineral  ufter  treatment  in  the  matrass  behaves  like  sphalerite. 


THR  COMPOUND  OF  SULPHIDE   WITH   OXIDE  OF   ZINO. 

VoUjnU  behaves  like  si)halerite  containing  only  traces  of  iron. 

OXIDB  OF  ZINC. 


Zincitf^  {red'OTifh  of  zinc)   is  infusible.      With   borax  in  0.  F. 

ätaaolves  easily  and  shows  manganese.     The  strongly  saturated  glass 

treated  a  sburl  time  iu  It  V.  loses  the  manganese  color  and  genenüly 

Ihows  a  ycUov,  or  buttle  green,  iron   color.     The  glass  on   coal  in 

F.  affords  a  zinc  coat.    Tivated  on  coal  alone,  or  with  soda,  it 

laflbrds  a  strong  zinc  coat;  on  platinum  foil  a  manguuese  reaction. 


SU 
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OXIDE  OP   ZINO   COMBI  KED   UTITH  ACIDS. 

Oouhn'/e  alonc  in  the  mutriiss  yields  water;  with  charcoal  dm^ 
snlphui'ous  acid.  With  the  flti^ces  behaves  like  oxide  of  zinc  and 
B0Tnetime8  shows  reactions  for  mau<!aneäe,  iron»  and  coppor.  It  U 
decomposed  with  soda  on  coat,  yielding  a  strong  zinc  coat  aad 
sulphide  ol'  sodium^  which  sinkä  into  the  coal. 

Smithsonite  in  the  matrass  yields  carbonic  acid  and,  if  nearly  fVn 
from  other  metallic  oxides,  is  yellow  while  hot  and  white  on  twliii};. 
The  white  mass  reacts  with  the  flnxefi  either  for  7.inc  alone,  oralu 
for  iron.  If  considerable  protoxide  of  iron  and  mnn^iinese  are 
present  the  ignited  miucrnl  becomes  qnite  dark,  is  iii:i 
reacta  stiYingly  for  iron  and  manganese  with  tht-flnxei.  i  ^ 
smithsonite  imparts  a  lasting  green  tinge  to  the  flame,  even  if  very 
little  copper  i»  present.  The  copper  can  Iw  detected  n^udily  with 
.S.  Ph.  and  tin.  The  anignited  mineral  dissulves  nwlily  with 
efferresoence  in  the  fluxes.  Alnne,  or  with  soda,  on  coal  in  It.  F.  it 
is  decomposed,  and  with  a  snfficiently  strong  blast  may  even  atTunl» 
ainc  flame.  At  first  only  a  cadmium  coat  is  jwrcejjtible,  hut  after- 
ward zinc  alone. 

^yf/r&zt/ici'/d  yields  water  in  the  matrass,  loses  its  carbouio  »cid 
and  then  behaves  liku  oxide  of  zinc.     Alone  on  coal  in   R.  F.  most 
of  it  isgfadnidly  volatilized,  forming  a  ülrong  zinc  coat  and  leanng 
generally   a   trifling    scoria,   which,   with    borax,  shows   l-he 
reactions. 

Atirichalcife  (biivatite)  yields  water  in  the  matrass,  and  the 
(with  buralitc  blue)  color  chunges  to  black.     Dissolves  with  r' 
Tescence  in  the  flnxes  to  a  clear  glass  and  shows  copper.    The  glfl^ 
on  c*jal  with  tin  becomes  red  and  opaqne  on  cooling,  while  a  feeb» 
ainc  coat  is  obtained.     With  soda  on  coal  in  K.  F.  a  strong  zinc  oo*^ 
And  a  residne  in  which  metallic  copper  can  be  detected  by  wadhiv>£- 
The  trifling  amount  of  Cla  in  buratite,  which  seems  to  replace  sof^' 
2n,  [or  more  probably  resnlts  from  intem)ini^lod  calcite,  h)ai»a.J 
found  by  reducing  the  Cn  and  Zn  on  conl  with  soda  and  borux  and 
gold  or  silver  button ;  most  of  the  Zn  rolattlizes  and  the  glass 
then  treated  according  to  p.  155.  , 

Iglcftiaff'te  fuses  in  0.  F.  on  platinum  foil  to  a  clear  yellow  glaK  -* 
With  the  fluxes  it  dissolves  with  effervescence  to  a  yellowish  glnsi^ 
colorless  on  cooling,  which  affords  a  lead  coat  in  R,  P.  on  co«^ 
Alone,  or  with  soda,  on  coal  it  is  n'dnopfl  with  efTervescenoe  l^f 
metallic  lead  and  forms  a  lead  coat,  with  a  second  wliite  coat,  n 
the  assay,  which  assumes  a  green  color  with  cobalt  solution  (zinc 
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ItiHiiifUe  in  the  mntTass  fields  mucli  wntrr.  Fiisfs  on  coni  in 
>.  F.  to  a  globule,  whicli  iu  li.  F.  (?vü1vc»  uti  arj-onical  odor,  covilA  the 
1  nich  oxide  of  zinc,  and  iä  black  when  cold.  In  the  forceps 
ses  eu^ily  to  a  lioud.  giving  u  btroiig,  liglit-bUic  Hume.  Dissolves 
lily  in  the  fluxes,  showing  cob:iit ;  the  sH'ongly  satnmted  glumion 
in  U.  F.  afftHTls  u  zinc  ci_>nt.  With  suda.  or  nt-iitral  oxaliit*?  of 
on  coul  iu  iL  F.  much  zinc  iä  reduced,  forming  u  very 
it>xig  zino  coaL 

Ailainiir^  according  to  Buna,   decrepitates  feebly  in    tlie   closed 

be,   yields   a  little   water,  and   becomes  whit^;  and  jjorcelauous. 

'n  ci>al  a  sine  cout  and  feeble  arsenic  4)dor,  and  in  the  closed  tube 

ilb  Sfnla  and  charcoal  a  ring  of  arsenic.     With  borax  in  O.  I'',  a 

earl-yi'llow  bead,  colorless  on  cooling. 

SILICATES   OF   Z[NC. 

The  hydrauK  fiUrafe,  calamim  yields  water  and  becomes  milk- 
hitc  in  the  niatruss.  U.  H.  the  silicates  of  zinc  are  infusible. 
According  to  Dana,  «»i7/«/n7f  glows  in  the  forceps  and  fnses  with 
ifllculty  to  a  white  enamel ;  the  New  Jei*8cy  varictifs  fnfif  from  3Ji 

A.)  They  dissolve  in  borax  to  a  clear  glass^  thai  cariuof.  be  made 
paque  by  flaming;  the  clear S.  Ph.  glass  hecomes  cloudy  on  cooling; 
hd  whtu  strongly  aaturalcd  the  slill  warm  glass  shows  a  lidle 
eparated  silica.    They  are  not  dissolved  by  soda  alone  on  coal,  but 

ell  and  afford  a  zinc  coat  with  diffiraity.  With  two  parts  soda 
nd  one  borax,  however,  all  of  the  zinc  is  rtdnced  and  volulitized, 
bile  the  silica  fnses  with  the  flux  to  a  glass,  which  with  borax  in 
).  F.  sometimes  shows  iron.  Any  lead  present  will  can«e  a  slight 
kad  CCNit  behind  the  coat  of  oxide  of  zinc  Silica  and  tht;  c>iirtbä 
ireacnt  may  be  found  hy  treating  the  glass  in  the  wet  way.  With 
Dda  and  nitre  a  manganese  reaction  is  occasionally  obtained. 

COMPOirKDS  OF   OXIDE  OF   ZINC   WITH   ALUMIXA. 

Oahnite  {automoWe)  is  unchanged  in  the  nmtrass  and  forcepa 
Iven  the  fine  powder  dissolves  with  exti-emc  difficnlty  in  l>orax  and 
,  Ph.,  without  showing  iron  distinctly.  It  only  forms  a  dark  slag 
ith  8<>da.  bnt  dissolves  readily  in  a  mixture  of  equal  parts  of  borax 
id  soda,  yielding  a  vitriol-gn.-eu  glass  and  a  distinct  zinc  coat,  if  the 
.  F.  is  strong  enough.  Wltii  soda  and  nitre  gives  a  manganese 
taction. 

Krcitloniie  behaves  like  guhnite,  hnt  with  the  glass  fluxes  diasoli-ea 
ith  difticntty  and  shows  a  notable  amount  of  iron. 


850  plattner's  blowpipe  analysis. 

Dt/sluite  probably  dissolves  somewliat  more  easilj  and  sbowi 
a  stronger  iron  reaction  timn  krctttonitc,  but  less  tAqc 

To  dtitxct  itluininu  imd  mngiieaiu  the  gla£s  obtained  by  treating  tiie 
minem)  with  bodn  luid  bonix  is  pulverized  in  tbe  eleel  mortar  ud 
further  treated  in  tlie  wet  wuy, 

c  Examination  for  tt'nc  in  furnac«  producls. 

The  method  of  testing  the  products  above  mcutioued»  both  for 
xinc  and  other  con8litueiit«,niuy  be  ilciiuced  partly  from  the  gcacral 
examination  for  zinc,  p.  '^50,  et  me*/^  und  partly  IVum  the  remarks  on 
products  containing  itvu  and  ziuc,  p.  2ü  J. 

7.  CADuitru,  Cd. 

It9  oecurrcTice  in  the  mineral  kingdom  and  in  fftetaUurgical 
products. 

Cadmium  belongs  to  the  mrer  metals  and  occurs: 

a.  Combined  uith  sulphur  in 

Oreeuuckite, — Cd,  with  77.Ü  Cd.    Sulphide  of  cadmium  occurs  as 
an  accessory  ingredient  in  certain  varieties  of  sphalenie. 

b.  As  yjiV/fl  ijomhined  with  carlfonit:  ar.id  iw 

Smithäonile,  iu   which  it  forms  only  a  minor^  occidental  iugredient, 
vide  zinc. 
In  mftullurgicnl  products  cEuImium  occurs  particularly  in   tb« 
oxide  of  zinc  und  dust  {Zinksiaub)  which  pass  over  ürst  during^  the 
disliilation  of  ziuc  &om  orea. 

BxamJnatloa  for  Oadmlum, 
Tncluding  the  blowpipe  characters  stieg  of  cadmiferoua  mineraUu 
a.  Oenerai  examination  for  cadinium. 

Cadmium  can  only  be  detected  as  oxide  by  the  blowpipe^  owing  ta 
iia  volatility.  The  8ul>ätance  is  treated  for  ^me  time  with  the  B.  F. 
on  coal>  when  the  cadmium  id  volatilized  as  mutul,  but  oxidtsen  at 
»nee  in  cont^ict  witli  the  air.  The  uxide  is  mostly  depoait^^d  «n  Ü«: 
ooa\  and  when  culd  may  be  recognized  by  its  brown  color,  which, 
however,  is  oidy  orange-yellow  in  thin  layers,  p.  67.  When  there  it 
very  little  ciulmiiim  and  the  coat  cannot  Ik.-  easily  ohtaituMl  tJie 
pijwdered  subitaiice  should  be  mixed  with  soda  and  treated  a  very 
short  time  iu  It  R;  a  more  distinct  cadmium  coat  is  tiien  obUia«d. 
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blowing  too  long  somo  zinc  is  also  roiatilized  and  Us  oxide  soine- 
^tinics  renders  tlie  eudmiuin  cout  less  dltitiact. 

A.  Blowpipe  character Utic^  of  cadmium  mimraU. 

Oreenfickit«  fcebly  heated  in  the  closed  tube  asänmes  a  trnnsient 

icannine-rfd  color.      In   the  opiu  tube   it  yipjds   snlpluirous  acid. 

Alone  on  coal  it  afforda  a  distrnct  coat  of  oxidr,  and   with  soda  a 

▼ery  abuadant  reddtfih-brow»  coat,  while  mobt  of  the  soda  sinks  into 

I  the   coal,   and  evolves    un   odor  of  sulphuretted   liydrogen   when 

LmoisLoned. 

For  gpfutlerite  and  »vtithmnUe^  vide  zinc. 


8.  Lead»  Pb. 

Jtn  occurrence  in  the  mineral  kingdom  and  in  mefiiUiufficai 
products, 

[liead  is  quite  widely  distributed  in  nature;  it  occurs: 
Metailic  in 
are  lend, — pb. 
h.  Combined  with  tetlurium  in 
^Altait^'.— pb  Te.  mixed  with  Ag  Tc  and  containing  G0.3  Pb  and 

1.3  Ag; 
\  SyUanite,  vide  gold. 

c.  Combined  with  selenium  in 
I  Clansthalite, — Pb,  So.  wiili  73.3  Pb,  soniotimes  containing  some  Ag, 

or  a  little  Co ; 
Tilkcrodit*.— Co  St"  +  G  Pb  Se,  witli  64.2  Pb  and  3.1  Co,  but  not 

quite  fVw»  from  Fe  ;  it  is  retninwl  under  chivnthitHle  by  Dana; 
\  Zor^'iia  (Sele/ibltikvp/fr  arn\  SelnHhip/firiflei) ;  ctinii^onnd.t  of  Cii'  Se 
und  Cu  Se  wiih  Pb  Se  in  varying  proportions ;  the  lead  varies 
Tntin  48.4  to  65.1  per  cent,  and  the  copjHT  from  4  to  15.7 ; 
Ijehrbacliite, — a  mixture  of  Ug  Se  and  Pb  So  in  very  variable  pro- 
puriion^,  with  'ZIM  to  55.S  Pb. 
■     dL  Combined  with  mlpltur  in 

H  OnTrntte  (^fl/fwn), — Pb  wttli  StJ.G  Pb,  but  frequently  containing  a  lit- 
B  tie  Ag,  Sb,  I'V.  and  Zn  ;    filvi schweif,  or  rompact  galena,  fre- 

H         quently  contains  Sb  and  also  Zn; 

HStcinmunnitc  (Vom  Prxibrani,  Pb  nud  Sb  in  proportions  a«  yet  an- 
known  (probably  nuly  imjiiire  galena,  according  to  Puna) ; 
Oeocronite,— Pb*  Sb ;  the  varieties  fitmi  SaTa  and  Tn8cany  =  4  Pb* 
5b  +  3  i'b'  As,  with  69.5  Pb.    A  little  Cu  and  Po  is  present; 
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Kilbrickfiiik'  (ffcocronite»  Dana),— Fb*  Üb,  with   70.1   Pb,  but  &ot 

quitp  fri-e  Trom  Fe; 
Monc^hiuiLe,— J^b*  Sb,  with  64  Pb,  bnt  some  Cu  seema  to  be  mixed 

witli  it,  und  it  is  not  qnite  free  from  Fe ; 
Boulangtrite  {pwbrtVäfe,  plumboslib),—Vb'  Ob,  with  58.9  Pboxul« 

little  Fe,  Cii.  and  Zn  ; 
Dnfrenoyait*,— i'b*  As,  with  57.1  Pb  and  a  little   Ag  and  Fe;  bot 

the  combination  Pb  As  also  occnrs,  with  42.6  Pb  {sartariU^at 

Dunu)  ; 
FeathtT  ore  {/leteromorpfii'e,  referred  to  jame^onite  by  Rammelsberg), 

— iV  Sb,  with  50.8  Pb;  almost  alwAys  containing  some  Co,  F^ 

Zn; 

I  Ml 

JamcHonite, — Pb'  Sb',  with  43.7  Pb»  bat  part  of  the  Pb  always  rt* 

placed  by  2  to  4  per  oent.  Fe,  while  some  Cn,  Zn,  or  Bi  is  ain 

present; 
Plagionite.— l!»b'  Sb*  with  40.7  Pb; 
Zinkenite.— Pb  Sb,  with  35.9  Pb  and  traces  of  Cii; 
Znndererz,  piDliably  a  mixtnro  o?  jamrifonite  (feather  orti),  du/rfntf' 

site,  arMmpyrite  and  red  silver  ore,  with  43  Pb; 
Clayite,— (Pb  Gn)  (S,  As,  Sb),  with  07-4  Pb  and  5.6  Co; 
Cuproplumbite,— 6n  -f  I'b\  with  «4.9  Pb  and  19.5  Cu  (probably« 

mixture  of  gahnite  and  chalcocitey  Dana) ; 
Alisonito,— 3  Cu  +  ^b.  with  2a9  Pb  and  53.1    Cn,  is   mentioned 

under  coveUile  by  Dana,  who  regards  it  as  prubably  resulting 

firom  the  alteration  of  galeniie; 
Nagyagitc,  occurring  apparently  with  and  withoat  antimony;  the 

latter  is  nearly  (Pb,  An)  (3,  Te),  containing  50.9  to  54.4  Pb  and 

8;j  to  9.1  Au ;  the  former  =  (Pb,  Au)'  (S,  Te,  Sb}*,  with  60.5  to 

63.1  Pb  and  5.9  to  6.7  Au  ; 
Bonrnonite,— Oil"  5'b  +  2  :^b'  S'b,  with  42.5  Pb  and  13  Cn ; 
Kobfllitf,— according  tt>  G.  Rosp,  perhaps  2  I^b'  Sb  +  3  ^b'  ßi.  with 

40.1  Pb,  t;5.2  Bi,  and  a  little  Cu  and  Fe;  for  the  pure  oiiiwnd 

RammeUljcrg  gives  ^b'  Bi  +  ^b'  5'b,  with  53  Pb  and  20  Bi; 
Aikinite  {acirulnr  bismuth)  from  Ben-sttf,  Silwria*— Cn'  Hi  4-  ^  Pb 

ß'i,  with  36  Pb,  36.:«  Bi,and  11  Cu; 

Chiriatite.— On  Bi'  +  4  l^b"  Bi",  with  16.7  Pb.  C:*.9  Bi,  and  2Ji  Co; 

Wölchite  {Antvnonk\ipferglam)t  vide  copper; 

Freieslebt-nite.    I       . ,     ., 
■»*  ■-..'}    viae  suver. 
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«.  Comliindd  with  chhrirw  in 
otUDuite,— Pb  01,  with  7-1.4  Pb; 
fendipite,— Pb  CI  +  2  Pb,  with  85-8  Pb  aud  sometimes  %  little  Pb, 

C,  and  fi ; 
fatlockite»— Pb  CI  +  f*b,  with  83  Pb; 
fcioagenite  {eomeeus  ieaf/),—}*b  CI  +  Ph  C,  with  73.8  Pb; 
?ercylite,  iiccording  to  Percy,— (Pb  CI  +  I'b)  +  (Cn  CI  +  Co)  -»-  ft; 
cbwartzemnergite,— probably  Pb  (I,  Ci)  +  2  I*b  (Dana). 
/.  Am  fixifUt  in 

Isssicot,— Pb,  with  92.8  Pb,  bat  often  mixed  "with  more  or  le«8  Pb 
C,  Ca,  Se,  and  $i ; 
\M'minm,—PhVh; 

ittnerite,— Pb,  with  86.6  Pb  and  occasionally  traces  of  S. 
ff.  Combined  with  acids. 

a.  With  unlphurie  ftct'd  in 
|AngIe«ite,— Pb  iy.  with  68.3  Pb,  but  always  containing  aome  ft  and 
occ-asionally  1^  and  13 ii ; 
jinarite.—Ph  S  +  Cn  fl.  with  51.7  Pb  and  15.7  Ou ; 
|Calcdonitc.— according  to  von  Kobell,— 3  Pb  Ö  +  2  Pb  C  4-  Cu  C» 
with  63.5  Ph  and  5.8  Cu  ; 
Lanarkitc,— Pb 'S  +  Pb  Ö,  with  72.5  Pb; 
Leadbillite  and  susannite,— Pb  S  +  3  Pb  C,  with  75  Pb ; 
»Lamprophanite,— is,  Pb.  Situ  Sig.  Öa  (Äa,  K),  fl.  (Dana). 
^r  0.  With  pho-fphoric  nr.id  in 

,      Pyromorphite,— 3  Pb'  P  +  Pb  CI,  with  76.2  Pb  ;  occasionally  som« 

IP  is  replaced  hy  Äs,  part  of  the  Pb  by  Oa,  especially  in  the 
brown  y&r\Gi\ei polygpharite  und  miesite&w^  in  nxissierUe^  while 
Bome  Pb  CI  is  replaced  by  Ca  F,  su  Ibat  the  amuunt  of  lead  is 
diminished; 

I*lninbogummite, — Pb"  P  +  6  Xl  fl',  according   to  an   analysis   by 

kDamonr;  bnt  it  is  probable  from  other  analyses  that  plnmbo- 
gnmmitc  is  not  of  constant  composition. 
y.  With  arsenic  acid  in 

Mitnetite, — 3  Pb*  Äs  +  Pb  CI.  with  CÖ.5  Pb.  Isomorphons  mixtures 
of  this  combination  with  the  corresponding  phosphates  und 
•nalogons  lime  componnds  also   occur,     lledyphano  is  snch  a 

▼ariety  containing— 3  (Pb,  Ca)'  (P,  Is)  +  Pb  CI,  with  49  Pb. 
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Cnmpylitn  eontuiiis  a  littlt:  Chromate  of  lead  and  mad)  phos- 
phoric' acid. 

Carminite,  vid«  iron. 

h.  With  carbonic  acid  in 

CeruBsitc— f>b  C  with  77.fi  Pb ; 

Earthy  carbonate  of  lead  {erdigtn  WeiubUicrz),  with  a  little  On  »nd 

fl; 

Plnmbocalclte,  vide  lime ; 

Taroovicite,  vide  aragoDite,  nnder  lime ; 

Iglefiiasite.  vide  zino. 

t.  With  ftelenous  acid  in 
Eeratenite,  selenite  of  leadj — f*b,  5i%  on,  aud  Ee. 

i^,  With  chromic  acid  in 
Phoenicochroite,— Pb'  IV,  with  70.8  Pb; 
Crocoite  {red  lead  ore),— Pb  Ür  with  G3.3  Ph; 
Vauquelinite,— Ou'  Cr*  +  2  Pb'  Cr',  with  56.4  Pb  and  8.6  Cu. 

17.  With  vanadic  acid  in 
Descloizite, — Pb'  V,  with  U5.7  Pb,  bnt  containing  some  ^11,  Co,  fta, 

I^'p,  CI,  and  ft ;   Vanadit  may  belong  here,  Dana ; 
Decbenit«,— Pb  V,  with  50.7  Pb ;  according  to  Dana,  should  i>ro- 

bably  always  be  written  {Ph,  2ii)  V,  with,  in  one  analysis,  ?1.4 

2n; 
Vanutliiiite  from  Zimapan,— Pb  CI  +  3  Pb'  V,  with  about  ß6  Pb  and 

a  little  An,  Cu,  ffe,  and  Si.    The  varieties  from  Windischkappel 

and  Berosof  contain  "P  and  mar,  therefore,  be  reganled  as  is»- 
morphoiis  mixtnn>8  of  pyromorphite  with  the  aliove ; 

Eusynchile  (according  to  BanimeUI>crg — (Pb,  2n)'  (P,  Xa)  +  15 
(Pb,  2n)'  V,  with  53.5  Pli)  and  araoxene  (according  tti  Berg- 
mann—(Pb,  '/n)'  Ä8  +  2  (Pb,  2n)'  V,  with  47-4  Pb)  are  re- 
garded as  Tarii'tles  of  decheniie  by  Dana ; 

Chileite  (  VaHadinl:Hpferbicifirz),—W  (Xs,"P)  +  3  (Pb,  Cu)*  V,  with 
about  56.2  Ph  and  14.2  Co.    Probably  a  mixture.     Acoortling 

to  Dana,  if  V  and  Xs  are  regarded  as  belonging  to  the  associated 
arseno-phosphate  of  lead.^1ie  formula  is  Pb*  V  +  Ca*  Xt, 
ä.  W^ith  molyhdie  acid  in 
Wnlfcnit*  (tfelhw  lead  ore), — Pb  Ho,  with  67  Pb,  and  occasionally  a 
httic  ]Pe,  Cr,  aud  V. 
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1.  With  tunpaiic  acid  ia 
tite,— ^b  W,  »itli  44.9  Pb.  but  not  free  from  Ca,  Pe,  and  Sin. 
«.  With  antimonic  acid  in 
Jindheimite  {BUimere)  from  Nertschiusk, — 2  fb'  Sb  «t-  7  Ö,  with 
.•»9  Pb.     Thf  Uorrliaueen  vurit-tv— 2  I'b*  «b  +  5  IT,  with  51  PK 
Similar  varieties  from  Cornwall  cout4iin  still  less  Pb; 
iMonimolite,— (Pb,  fe,  flu,  Cu,  5lg)*  5b,  with  4:iJ.4  Ph  (Puna). 

Lend  occurs  under  vimuue  coDditions  in   meullurgicut  prudnctfl 
obtained  ia  tht;  treatment  uf  plumbireruufi  urea: 
a.  Melallic  in 
IVarious  sorts  of  lead  which  are  met  in  commerce,  but  occasionally 

contain  traces  of  Cn,  Sb,  As,  and  Ag; 
XXtead  from  Abtilrich  {Absfrichblei,  skititmed  ff<id),  often  confjiining 

much  Sb.  Aa,  some  Cu  and  Fe,  and  sometimes  also  Ag  and  8 ; 
\£ilv»r  hnd.,  or  nuc  }rad.  a  coni|Kinrul  of  Pb  and  Ap,  in  which,  how- 
ever, small  quantiLlea  of  Cu,  Sb,  As,  Zn,  >Ii,  »,  ä,  and  £ome- 
tirae«  a  httle  An  are  contained; 
Black:  roppiT.    Mhich  is  i-xtractt-d    from  plumbiferou«  ct/p/trr  malts 
and  frequeutly  contuiuis  several  metals  beside«  Cu  and  Pb,  vide 
I         iron. 

h.  Combined  u'ith  sulphur  in  the  various  matt-liku  products  ob- 

tained  in  smelting  lead  ores,  or  plumbiferous  silver  ores ;  also  in  Isad 

\9pn^  and  in  plumbiferous  cadmia,  vide  tliese  products,  under  iron, 

c.  In  the  state  of  oxitU  in 
Lithar^, — ^b.  sometimes  containing  a  little  Ou,  Äg,  S,  and  dissem- 
inated portions  of  the  mass  of  the  furnace ;  when  very  impure 

it  contains  also  ^h  and  Xs  combined  with  Pb ; 
'  Abtttrieh. — Pb  mixed  with  various  eubstanees,  vir..:  I'b' ob,  Pb'  Äa, 

Pb  S.  Cm,  ]Si,  Pe.  and  Ag; 
Abttiffj — Pb  mixed  with  the   same  substances  of  abstrich  and  aim 

Willi  Ph,  Fe,  and  the  lieartli  mass ; 
Cttpellation  hearth  jwrmeated  with  litharge  ; 
\Lead  ftinoke,  or  fumes,  from  lead  smelting,  sometimes  consistinff  chiefly 
of  Pb  C,  tuixed  with  other  metallic  oxides;  ft-equeiitly,  however,  it 
contains  Pb,  Pb  S^,  Pb  Si,  etc.,  with  disseminated  i>articU*8  of 
ore; 
Awuf  smoke  from  cupelling  and  refining  the  lead;  it  also  cousist^ 
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chiefly  of  f*b  C.  bat  &«qaeutly  conUina  Pb'  tib,  Pb'  la,  l>b  Si, 

aud  ashes; 
Lead  fumes  and  ßue  ral-inffn  from  roaeting  surer,  lead,  and  copper 
ores  in  reverberutury  faraacea ;  usually  a  mixture  of  mors  or 
less   Iburuiiglily  ruatjled   ore,  variuus   metidlic  uxides,   VüUtüa 
metallic  acid«  (As  and  Hb),  salts  of  metallic  oxides  (t*b  Ü,  Pb^ 

f*b' Kb,  Pb'Xs,  Pb  fii,  etc.)  with  particles  uf  ash.  If  bait  wiu 
added  io  roustiug,  Lbe  fumes  also  cuuiaiu  chlorides  uf  iruii,  Irnul, 
or  copper,  and  if  tho  lead  ore  was  sclcnifcruus  small  quuntiüe« 
of  seleiiituu  niay  also  bv  preseut. 
d.  As  oxide,  usually  cümbined  with  silicic  aeid,  in  the  TariouB 
»lags  produced  in  smelting  pIumbLferous  ohorKes. 

Examination  £or  Icead, 

Including  the  hhicpipe  characteristics  of  ths  minerals  and  mctai" 
lurgical  products  above  menlioned. 

o.  Examination  for  Uad  in  gnierat 
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In  alloys,  as  they  uccor  in  uature  and  luetuUuqrica]  pr\>dacta, 
lead  is  recognised  by  the  coat  whiob  il  aflbnU  when  tb« 
substance  is  treated  on  coal  in  0.  F.  Any  easily  volatilizable 
Dieials  prrseut  either  puss  ufT  entirely  iu  fumi-s,  or  collect  al»j  tn  a 
coat  as  oxides.  The  oxide  of  lead  coat  is  dark  lemun-yellow  whil« 
hot  and  straw-yellov  when  quite  cold,  p.  67,  and  being  also  nearer 
the  ussLiy  than  that  formed  by  some  other  oxides,  as  those  of  toltu- 
rimn,  antimony,  aud  arsenic,  is  therefore  rcaddy  d istin j^uishalilt! :  it 
must  be  remarked,  however,  that  in  preseuce  of  antimony  tlic  nxide 
of  lead  coat  is  darker  yellow,  like  the  bismuth  coat,  probably  iu 
oonseqnence  of  the  formation  of  antimonat«  of  lead,  vide  sulpbidcd^ 
on  the  following  page. 

If  zinc  and  It^d  are  present  in  an  alloy  the  ooat  produced  is, 
indeed,  miuglod  with  oxide  of  zinc,  but  the  leud  may  be  recognixed 
by  the  sulphur-yellow  color  of  the  cold  coat  &a  well  as  by  the  azure- 
blue  tingo  imfmrted  by  it  to  the  B.  F.  When  the  K'ad  predominates 
in  an  alloy  of  lead  and  bismuth,  the  ooat  ap])ear8  rather  darker  than 
a  pure  lead  coat,  but  not  so  dark  as  a  bismuth  oont  By  testing  with 
S.  Ph.  the  presence  of  bismuth  can  be  ascertained.  %*ide  btsmnth, 
provided  no  antimony  is  present  Should  there  be  so  little  lead  that 
it  cannot  be  recognized  by  the  color  of  the  coat,  the  latter^i^  treutcs] 
with  tile  R.  Fm  in  order  to  ascertain  whether  it  di^i^ara  witb 
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AD  asure-blue   flumes  which,  in  the  absence  of  seLeniam,  indioatea 
lead. 

I      Componnds  of  lead  and   Beleoium,   with  coDsidemble  selenium, 
fuse  ill  R.  F.  wilh  more  difficulty  tliim  pure  K'ud,  and  impart 
Ml  intense  azure-blue  color  to  the  flame,  chiefly  due  to  sele- 
nium, while  they  emit  a  selenium  odor  and  yield  at  tirat  a  ulight 
grayiäli  coat  of  selenium,  followed  by  a  white  coat  of  eeleuite  of  lead 
uid  a  trifling  yellow  coat  of  pure  oxide  of  lead. 

Combinntions  of  Und  with  sulphur  and  other  metallic  sulphides 
may  be  variously  examined  lor  lead.  The  simplest  way  is 
to  treat  a  small  portion  in  R  F.  on  coal,  eithür  alone  or  with 
fa  alight  amount  of  borax  to  sepurute  any  iron  preseut,  and  to 
recognize  the  lead  by  the  coat.  Unless  a  liirge  amount  r>f  antimony 
IB  present  it  conld  not  be  eimultaueously  detected  with  Ccrtaiuty, 
because  adjoining  the  yellow  oxide  of  lead  coat  there  is  formed  a 
rbite  coat  of  sulphate  of  lead,  which  very  cloi^ely  rem'nililes  oxide 
of  antimony,  p,  69  It  ia  Siifer  in  this  case  to  mlugle  the  powdered 
Bubstunce  with  a  sufficient  amount  of  soda  and  treat  it  for  a  sboi't 
time  in  R.  F.  Sulphide  of  sodium  is  formed  and  in  the  absence  of 
antimony  only  a  3'ellow  lead  coat  wilU  a  bluisli-wbite  bonier  ia 
produced;  but' if  antimony  is  present  a  white  coat  of  oxide  of 
antimony  is  obtained  beyond  Che  yellow  lead  coaU 

Should  the  anujunt  uf  ntitimuny  I«  very  trifling,  as  in  many 
galcnnJi,  this  method  docs  not  aflbrd  &  perfectly  reliable  result, 
because  by  a  prolonged  blast  some  sulphide  of  sodium  is  volatilized 
and  also  affords  a  white  coat  of  sulphate  of  Boda,  p.  I3f>.  A  tiUle 
antimony  can,  however,  be  detected  wit)i  absolute  certainty  wLea 
present  in  galenas  and  other  sulphides  consisting  mainly  of  suiphide 
of  lead,  by  the  following  process.  About  (ifiy  niilUgr.  of  thr.  pow- 
dered substance  are  placed^  with  a  bit  uf  ii-on  wire  as  sLor.t  ao  a 
coarse  knitting  needle,  in  a  cylindrical  cavity  bored  in  the  croai 
section  of  u  good  coal,  or  iu  a  charcoal  crucible,  and  balh  Hiv  'jovefed 
with  a  mixture  of  soda  and  lx>i-ax,  the  volume  of  soda  Iwing  twice 
and  that  of  borax  once  the  volume  of  the  subsUiuceempluy^^d.  The 
vhole  is  then  treated  in  B.  F.,  until  all  the  sulphur  is  se^dunied,  parC 
being  comhiued  with  the  iron  and  part  with  the  slag. 

The  lead  ia  nearly  all  reduced  and  unites  to  a  button;  with,  the 
aotimoDV,  while  but  little  uf  them  is  volatilized.  The  cold  lead 
button  is  then  separated  from  the  slug  and  the  iron  sunonnded  by 
^alpbide  of  iron,  and  is  tnattd  with  a  little  suda  in  R.l*\  on  ai.other 
3oal,  when  the  annniony  volatilizes  tlr.st,  producing  a  c/'fiu  of  oxide, 
aod  the  lead  iiflerwitnl  yields  a  Iciuj  coat     If  the  antUnory  coat  it 


2i\A 


PLAlTKEB'a   BLOWPIPE  AKALTSIS» 


Utiiched  with  the  R.  F.^  before  a  distinot  lead  ooat  hss  formed,  it 
di!!a]>i>tiurii  uith  a  gxeiniäU-blue  flume.    The  coat  of.  oxide  of  letd 
can  also  bt  entirely  preventetl  by  adding  vitrified  boracic  acid  to  tb^ 
iUitimoniul  Juad^  when  the  aciü  takes  ap  the  oxide  of  lead  and  Ui^ 
volatiliziog  atitiiuouy  coats  the  cuul  vith  oxide  uf  antimony.    This 
a*sjiv  ig  '■i»*=y,  but  the  Ibllowing  poiiitP  shonhl    l»e  I'lin-i'ully  obserrwi* 
Th«'  siparaiiun  of  the  sulphur  from  the  U-ml  aiid  antimony  nioat  be 
conducted  in  a  rather  deep  cavity,  bo  that  the  autiuuniial  lead  niay 
In*  prratcotcil  ö*om  the  air  and  as  little  «utiniony  »s  po&sihie  vnUtilizrti 
The  llumir  mut-t  nut  be  direeliHl  immediately  npon  the  ^^jturuung 
metalHc  button,  which  nouM  then  be  too&tmngly  heated  and  migiil 
lose  antimony  by  vohitiliKation,  but  must  be  directed  only  upon  the 
8lug  of  8uda  and  liorux,  u-hicli  should  bo  n>ade  to  cover  the  huiMtt 
if  eurr-rully  condnote<l  quite  a  trifling  aim>tmt  of  antimony  may  be 
deU'cU-d  by  tlie  coat  formed  on  coaL 

When  the  amount  of  antimony  in  a  subatanceouutainingdnlphiüe 
of  lead  is  very  htrge,  the  treatment  with  suda  »lom-,  as  well  ui  of  ll« 
antimuuitil  Ifad  rcdnceil  by  iron,  yields  not  only  an  nnmislakabl« 
antimony  coal;  but  the  lead  coat  is  obscrvi>d  to  have  a  darker  yt-IIuw 
color  thiiii  usual     It  appears  orange-yellow  whih-  ln't,  and  almost 
lemou-yi'lliiw   »n    c«>oiing,  (jnitc    like  a  ci.iat  of  oxitle  of  bismuth. 
Antimonate  of  lead  seems  to  be  funned,  for, if  this  coat  U  scraped 
olT,  di&äol\ed  in  S.  Ph.  on  platinum  wire  in  0.  F»  and  the  hr^ 
shaken  off  and  tn-atfd  with   tin  on  coal,  it  a^^nmrs  on  cooling  m 
bluek  color  and  becomes  qnite  upaqno,    which»   in  the  absMiec  df    I 
bismuth,  indicates  antimony. 

Lt-ad  may  aUo  be  dvtvctt-d  in  metallic  sniphidti  by  rousting  them 
in  One  powder,  p.  77,  and  then  treating  them  with  »oda  in  It  F, 
£ither  glolniles  of  leail  result,  or  an  alloy  of  lead  with  other  mctah^ 
in  prrsi-nce  of  other  easily  n*ducible  oxide».  A  lead  ooat  is  likewise 
formed,  to  which  regard  must  be  bad,  especially  if  but  little  lead  ll 
predonL 

When  the  substance  contains  bismuth,  as  well  m  lead,  it  yields 
by  reduction  brittle  lead,  which  frequently  cannot  be  recognixed  as 
lead  at  all,  when  the  amount  of  bismuth  is  not  quite  nnimpcinant; 
the  coat  on  the  coal  also  has  a  darker  color.  In  this  cusc  the 
roasted  a^jwy  must  be  fuA-d  with  bieulphate  of  jM'tiissn  und  fnrther 
trcati-d  rtj»  will  hi«  dirwte<l  for  such  «mbetaiices  under  bismuth.  The 
Btilphate  of  lead  nsnlting  from  the  treatment  is  redneed  with  soda 
on  coal  and  nflords  metallic  letid  »nd  a  pure  lead  coat. 

If  the  nuL^ted  snltslaniv  rtnitaius  much  copper  the  nednctiou 
with  soda  affords  an  alloVt  in  which  the  lead  caniiut  be  n*eogiif«ed 
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'  tlie  color,  but  after  washing  the  alloy  and  keeping  it  fused  for 
KQ  time  aloue  in  a  strong  0.  F.  on  coal,  most  of  the  lead  voln^ 
iJ'Ä^«  and  affords  a  coat 

't*lio  behavior  of  chloride  of  lead  hue  been  given  on  p.  Ii9. 
•^'"«tances  coutuiuiug  oxide  of  lead  with  other  mi'Uillic  oxides  or 
««i~Vlig  usually  yield  a  distinct  lead  coat  ulit-u  treated  alune  ou 
in  B.  F.;  addition  of  soda,  however,  renders  it  mure 
''Spinet  Thf  Biinie  remurk  ajtplies  t»  all  salts  of  lead  except  the 
IV"^ftphatc,  which  treated  alone  on  coal  fuses  to  a  globule  and 
I  wKq)^^  I}0  lead  ooat,  or  otilj^'  a  slight  one. 

b.  Blowpipe  diaracieriniicg  of  the  above-mimed  pUtmbifcfOHS 

minerals, 

/vniive  lead  behaves  B.  B.  like  pure  lead,  p.  G7. 

Ältaite  yields  iu  the  open  tubu  teliurous  furaea,  which  fuse  B.  B. 
to  clear  dn)]i8,  (G,  Uose.) 

On  ctml  it  fufes,  tingcH  the  flume  green Lsh-bluc  and  vohtLillzes, 
leaving  a  small  silrer  hutton. 

ClaugthalUe  in  the  closed  tube  decrepitates  occaeiouitlly,  bnc 
sofft^rs  nu  further  change.  In  the  open  tnbe  yields  a  selenium 
ftoblimute,  red  at  a  distance  from  the  asKiy  and  steel-gniy  neai-er  to 
it;  a  diMtinct  selenium  odor  is  perceptible.  On  coal  it  fumes,  dif- 
nucä  a  strung  selenium  odur  and  fuses  only  imperfectly  in  It.  1'., 
[oonting  üie  coal  at  firac  with  a  gray  ooat  of  selenium,  hiiving  a 
feeble  Tnetallic  lustri*,  but  jippcuriiig  rt-ddisli  further  from  the  assay. 
A  distinct  lead  coat  form«  afU-rward.  It  gradually  volatilizes,  leaving 
a  very  trifling  scoHa,  which  sometinies  affurds  iron,  cobalt«  or  copper 
ctions  with  the  tlnxes. 

Tith  soda,  ur.  better  stilt,  neutral  oxalate  of  potassa,  iu  H.  F.  on 
'  ooal,  metallic  lead  is  obtained,  which  sometimes  yields  a  small  silver 
bniton  on  the  cuptd. 

Tilkerofiite  beliaves  like  chiusthalite,  but  the  remaining  scoria 
reacts  vwy  strongly  for  cubalt, 

Zorffitr. — Sfleithtp/erbhihcUAYes  like  c]an.sthalite,  and  tin*  remain- 
ing scoria  reacts  very  stron^jly  for  copper  with  borax,  while  with 
eodait  yithU  a  copper  button.  Se/enbhikup/er  fuses  easily,  spivads 
over  the  cual  and  forms  a  gray  mass,  with  a  metallic  lustre,  which 
after  thon>ugli  roaating  yields  a  copper  button  with  borax  and  siHla, 
(Berzelius.J 

Lehrbnc/til«  alone  io  the  matrass  yields  a  liistrona.  metallic,  crys- 
talline, gray  sublimate  of  sclenide  of  mercury,  before  which  a  few 
globules  of  mercnry  sometimes  ooUict     With  much  soda  it  yields 
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unly  mtrcury.  Id  Lbe  open  tube  yields  come  aeleninm  sud  a  sob- 
limiiU-  üf  81-Ieiiidi.'  of  mercury,  which  fuses  to  drops.  On  coal,  like 
clatiäthalite. 

iieleniiueclütilberkupferbUi  (Hg,  Cu,  Pb,  aad  Se)  yields  lo  the 
mut  1*1188  aelniide  of  mercary.  On  cool  affords  a  lead  coat  aad  a 
residue  which  reacts  strongly  for  copper. 


Lead  in  combinaiion  loith  sulphur  and  with  other  meialUe 
sulphides. 

Oalaia  aud  likischweif  usually  decrepitate  strongly  in  the  cl 
tube,  while  u  trifling  white  sublimate  is  not  unfrequeiitly  furmt-d» 
wliicli,  however,  iipp(ar8  to  be  only  salphnr.  In  the  open  tnhe  yield  sol- 
phnruus  acid  and  at  a  higher  heat  u  white  sublimute  uf  sulpliau*  of 
Icud,  grity  just  iibove  ihe  u^say.     Kuiie  with  ditticulty  on  cual,  uuti/ 
most  of  the  sulphur  is  expelled,  when  metallic  lead  BeparaU-s.    The 
coal  is  strongly  coated  with  sulphate  and  oxido  of  lead,     hi  pn'Jrfno» 
of  antinion}'  the  sulphate  cout  is  uiingUd  with  oxide  of  antimoDT, 
p.  2(>3.    Irun  und  ziuc  in  galena  are  fuutid  according  to  pp.  2*^  axA 
"Zai.     More  or  less  silver  may  be  detected  in  most  guleua  by  cupel- 
ling the  Kat.1  reduced  on  eoal,  vid«  quantitative  silver  assay. 

ateinuiuHnUe  from  Przibram  decrepitates  rather  strongly  in  the 
closed  tube.  On  cnal  fuses,  evolving  sulphurons  and  uutinioniHii 
fumcx  and  K'aviug  u  lead  buLtun,  which  affords  siKvr  when  (Mipelled. 

üeocronite^  hiWricketiiiet  meniyhinitej  boulanyvritet  jamesoniitt 
feather  ore,  phiqimnie,  and  zinkenile  an  cumpuuuds  of  Pb  with  Fb 

Ml  W 

Sb  in  dilTcTL-nt  proportluns ;  uccasionally  part  of  ihv  ab  is  rtpluoed 
by  As,  as  in  geocronite. 
The  general  behavior  of  these  minerals  is  as  follows: — 
In  the  closfil  tnbr!  ihoy  decrepitate  more  or  less  ami  arc  distin- 
guished by  tlu'ir  fusibility  when  the  tube  is  treated  B.  B.  Those 
imntaining  most  sulphide  of  antimuny,  arc  the  most  fnsible.  and  they 
afffiiil  II  fL'd  sublimale  of  umorphons  tersulphidc  of  nnlimony.  con- 
taining oxide  of  antimony.  In  the  open  tube  they  vidd  antimonial 
funiLS,  piirtly  volatile  and  partly  fixed.  The  former  consist  of  oxide 
of  antimony;  the  latter  partly  of  oxide  with  antimonie  arid,  ptirlly 
of  8nlph:Lte  of  lend  and  pnitly  of  antimonate  of  lead,  near  the  assay; 
Much  äulphuruuä  acid  is  also  evolved. 

On  coal  they  fuse  and  deposit  thick  coats;  the.  brflxst  removed 
uR'  while  and  consist  of  oxide  of  antimony  with  sulphate  of  Irnd» 
while  near  the  assay  the  coat  is  chieÜy  oxide  of  lead,  but  dark  Vt-dlow 
and  mixed  with  antimonate  of  lead.    Any  trifling  amount  of  imn 
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ftnd   copi>er  usually  ivmaiiia  as   a  scoria  and  can   be  tcätcd  oftel 
expoUiug  the  Pb  aud  Sb. 

With  Goda  in  R  F.  they  are  dccompoeed  and  yield  metallic  globulea 
auid  coats  of  lead  uud  antimoüy.  Tu  dütcrmiue  whether  the  whtt<-  coat 
coQsiats  only  ofbb,  or  whether  it  ulao  couuina  sulphate  o(  lead,  i/ie/e 
p.  2t)3.  Arsenic,  if  not  in  too  small  quantity,  can  frequently  be 
detected  in  the  tabes  aud  on  coal  by  its  oharauteristio  behavior. 

Dvfretioysite  contains  the  Pb  combined  with  As  alune;  in  the 
cloaed  tube  rieliU  a  red  sublimuto  of  sulpbidc  of  arsenic ;  in  the 
open  tube  a  sniell  of  sulphur  only,  with  a  sublimate  of  sulphur  in 
tht»  nppcr  part  of  the  tube  and  of  areonous  acid  bt?low,  (Dana.) 

On  clutrcoal  fuses  very  easily,  evolves  sulphurous  aud  arsenoiu 
i^iines,  and  tinally  yields  a  lead  button. 

Sariorite,  neiLrJy  like  dnfrcnuysito,  but  decivpitates  strungly>  (Dana.) 
The  behavior  of  Zundererz  may  be  easily  iuferi-ed  from  tttat  of 
■imilar  compounds. 

CkiyiU. — As  regards  the  blowpipe  charucteristica  it  is  only  known 
that  it  fuses  readily,  yields  reuiHious  fur  lead,  arseuic,  aud  antimony, 
and  K-aves  with  soda  a  lustrous  metallic  globule;  no  doutit  aft«r 
tovatment  with  boracic  acid,  vide  copper  assjiy,  tht^  remaining  button 
Would  atTurd  copiier  reactions, 

Cttpropiumbite.  B.  U.  in  the  open  tube  swells  up  and  fuses,  afford- 
ing sulphurous  acid  and  a  trifling  siiblimute  of  sulphate  uf  lead. 
Alone  on  coal  in  K.  F.  yields  coats  of  oxide  and  sulphui«  of  lead; 
vith  soda  a  button  of  metal,  somewhat  harder  ttian  pure  lead,  which 
jjBfler  treatment  with  burucic  acid,  vide  copper,  leaves  a  cup^x^r  butlon. 
I^Tbla  cupelled  with  test  lead  aSbrds  some  silver  also. 
Alisonite;  like  cuproplnmbite. 

NafftjaifHe. — The  antimonial  variety  strongly  heated  iu  the  open 
tube  fumes  and  deposits  a  coat,  which  is  gniy  close  above  the  assay 
and  seems  to  consist  of  tellurate,  antimonate,  aud  perhaps  sulphate 
«f  lead.  The  coat  further  removed  consists  partly  of  volatile  oxide 
of  aittimnny,  and  partly  of  telluruus  acid^  which  can  be  fuised  to 
ctettT  drops. 

Alone  on  coal  it  fumes  and  deposits  a  white,  volatile  coat  of 
iitiuf:lcd  oxide  of  antimony,  tcUurous  acid  und  sulphate  of  lead,  and 
■  )e68  volatile,  yellow  coat,  consist  iiig  chiefly  of  oxide  of  lead,  with 
perhaps  some  antimonute.  The  flrst  coat  disappears  under  the  IL  F. 
«ilh  u  bluiüb -green,  the  latter  with  a  blue  flame.  \Vhen  all  tbe 
Volatile  ingredients  ari:  exjK'Ued  a  malleable  f;uld  button  ivmainä, 
^Whicb  assumes  n  pure  gold  color  wlien  cupelled  with  test  lead. 

If  the  tiame  teat  does  not  show  lellurons  acid  distinctly  in  tlM 
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vhite  coat  on  cool  it  is  only  noceaaary  to  treat  the  powdered  miaenj 
with  bomcic  acid,  p.  353,  when  u  ooat  of  oxide  of  antimuii;  ud 
t*-!  lupous  acid  willl»  obtaiued.  which  will  disappear  with  a  bliwii* 
grtt'ii  iliiiiie  in  H.  K.  Th*'  hfhiivior  of  the  variety  fret-  from  autiowai 
is  similar,  but  the  tellurium  reocttuns  ore  more  diMincU 

Bournonite  decrepitates  iu  the  cloged  tube  and  stix^ngly 
yiulds  a  slight  dark-red  sablinmte  of  ^"Iphido  with  oxide  of  aitlimolj 
In  the  upL*u  labe  evolves  äulphurous  uc.dund  copious,  white,  antiniovT 
funK^B.     Tlte  coat  condensing  un  the  upper  side  of  tlie  tube  is  roll 
oside  of  aDtimony;  that  on  tht-  lower  part  is  a  nun-volatilt:  a 
puuud  of  antimuuute  of  luitimouy  with  cousiderable  antimunote 
lead. 

Alone  on  cool   fuses  very   easily,   affording  a  coat  of  oxido 

antimony,  quickly  followed  by  l*b,  SK  f*b,  S,  and  f^b,  so  that  ncaml 
the  aswiy  the  cout  is  dark-yellow.  Finally  only  u  lend  ci>at  is  ufTonUiL 
The  n.-miiiuiiig  gtubule  tested  with  burux  ur  S.  l*h.  shows  copjierjiad 
wimeiinifö  antimony,  p.  Ä63.  It  is  rendered  soinewliut  britlle  Vj 
sulphur  and  antimony,  und  after  cupellation  occasionally  alfoi 
little  aijver. 

A'oMlite-  fused  in  the  closed  tube  B.  B.  yields  a  slight  suhlimstd 
sulphur.    In  tlic  oyn^n  tube  yields  copious  untimonial  fnuies 
sulphuroai^  acid  ;  it  is  not  fused,  bat  is  covered  with  yellow  «r 
On  e»al  fuses  easily,  yielding  a  white  coat  of  uxide  ufantimunv 
sulphutfs  of  It-ad  and  bismuth,  and  a  yellow  coat,  which  ifi  (i>Ht 
pnraegrunate-yelluw  on  cuoHng  and   dinapp^ara  with  u  feeble  blu« 
flame  iu  R.  F.     Small,  liJiniewhat  malleable,  metallic  buttons  r<^maüv 
which  after  being  fused  tflgethor  fnr  some  time  in  0.  F.,  show  copj»«'(^ 
with  S.  Ph.,  vide  copper.  ^M 

Freed  from  most  of  its  sulphide  of  antimony  on  coii!  in  0.  F^Ü*f 
mineral  shows  iron  when  treated  with  bnnix  in  IL  F.  and  the  (ft«* 
romelted  in  0.  F.  ou  platinum  wire.  The  bismuth  is  found  by 
roasting  the  mineral  on  c<ial  and  fusing  the  fine  jwwder  with  ÜW* 
or  four  volumes  of  bifiulphate  of  potaesa,  vide  bismuth. 

Aikinife  in  the  open  tube  yields  white  fumes,  partly  fusible  1« 
cleai*  drops,  white  on  cooling;  sulphurous  acid  is  evolved. 

The  n-maining  button  is  surrounded  by  hiark,  fnW  owte 
which  is  transparent  and  greenish-yellow  on  cooling. 

On  coul  fuses,  fnmes  arid  depngits  a  white  coat,  the  inn  t  edj*« 
which  is  yelh)w.  The  resulting  button  resembles  biwnnth  |lk^ 
Belius).  With  tha  fluxes  gives  copper  reactions  and  after  louR 
blowing  a  globule  of  metjiltic  copper.    Dana. 

Vhivitditc. — Like  aikinitc. 


•    tlAD— WITH   PHI/mfKI! — 0XIDB8. 
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LEAD   COUBtNED   WITH   CULOBIXE. 

CoUtuniie  fuses  to  u  yellow  fluid  and  purtially  »iiblimes  iu  the 
■uüTUäs.  On  coul  fnses  very  easily,  sprcnJa  uut  and  voliiiilizes.  fnrm- 
ing  a  white  cuut  of  chloride  of  lead.  This  ilisu|tpi-ars  with  an  a/ure- 
b)ue  flame  in  R.  F.  und  leaves  a  yellow  spot  of  oxido  nf  K-iid.  Witli 
soda  yii-Ids  lead  und  with  oxide  of  copper  uffurds  the  chloriiiti 
reactiun,  vide  chlorine, 

Mendipite  decivpitutos.  becumes  yellow,  and  vrhon  strongly  hcnted 
behaves  like  ootnnniTe.  On  coal  fuses  eiwily,  emits  acid  vafmra  and 
ifl  rvtluofd  to  mi'lal,  affording  also  a  white  coat  of  chloridL*  and  a 
yellow  coat  of  oxide  of  lead.     A  special  test  shows  ciiloriiu'. 

MntUrkile. — Like  mendipito, 

/'/wayrnife  liehnTcs  like  mendipit*,  bnt  effervesces  with  nitric  ftCid. 

Srhtcnrtzenibfrgiie,  accortliiig  tfl  Dann,  is  very  fuäible  and  loses  ita 
color  in  fn*iing.  On  coul  yields  metallic  glolnilos;  in  a  matrass 
«bandunt  violet  vapors  of  iodine. 

0XI0K8  OP    LEAD. 

Massicot  {phmhic  ochre),  minium,  and  plaiineriie  behave  qnite 
like  oxide  of  lead,  p.  104. 

OXIDE  OF   LEAD   COMBINED   WITH   ACIDS. 

AnglNtite  decrepitates  in  the  matrass  and  nsimlly  yields  ji  little 
wkter.  On  coal  in  0.  F.  fnses  to  a  clear  bead,  optiqne  ou  coaling, 
and  iu  E.  F.  is  reduced  with  effervescence  to  a  lead  button.  Reduced 
with  soda  yields  lead,  and  a  strong  sulphur  reaction  is  afforded  by 
cutting  ont  the  coal  and  laying  it  on  moistened  silver  foil.  Trifling 
admi:ttures  of  oxide  of  iron  or  manganese  may  be  easily  detected 
by  the  ti'Sta  with  borax  on  soda  and  nitre. 

Linarite  yields  some  water  and  loses  it^  bine  color  iu  the  matniss. 
On  coal  fuses  iu  0.  F.  to  a  bead;  in  R.  F.  is  rediic*-d  Mith  efferves- 
cence to  lead,  which  then  affords  n  lea*l  coaL  The  lead  button 
treated  with  boracie  acid  yields  a  button  of  copper,  p.  2flö.  Reduced 
with  soda  it  yields  copper  und  lead,  while  tho  alkaline  mass  thut 
nnk«  into  the  coal  gives  a  sulphur  reaction. 

Caledonite. — B.  B.  on  coal  easily  reduced.  Partially  soluble  with 
efforveacence  in  nitric  acid,  leaving  a  residue  of  sul])hate  of  lead. 
Dana. 

The  copper  and  also  the  sulphuric  acid  may  be  detected  as  ii; 
linarite  above. 
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Lanarhih. — Like  caledonite,  but  no  copper.    loO.  F. 
bead,  wliite  on  cooling  And  containing  rednced  lead. 

LeadhiUite  svrclLa  a  Utile  on  coal  iu  a  feeble  flame,  and  afisumca* 
trunflieiit  yellow  color ;  in  a  strongftr  flame  is  easily  reduced.  (Fasw 
at  1.5.     Dana.) 

Efferreeces  with  nitrio  acid  and  leaves  a  residoe  of  I'b  SI 

Susannife, — Like  Icadhillite. 

Lamprt/jihtwi/e  yieldn  water.     With  Bodu  on  charcoal  yields  met) 
lie  lead  uud  a  hepatic  mass.  (Dana.) 

Pyroinorphite  sometimes  decrepitates  in  the  matras.^,  and  strong 
heated  uEfordd  a  trifling,  vulutile  sublimate  of  Pb  CI.     In  the  fur 
fuses  very  easily  to  a  globule  and  affords  a  bine  flame  with  a  green 
tip  (phosphoric  acid),  especially  when  the  blast  is  geoUo.     The  fit 
portion  has  a  crystalline  surface. 

On  coal  at  first  yields  a  slight  coat  of  Pb  CI  and  the  fused  bulion 
is  not  reduced,  but  on  cooling  glows  again  and  shows  quite  Itutroiu 
facets.  The  Pb  CI  coat  meanwhile  iiicreas*.'s  and  a  pale  }-ellow  oxidr 
of  lead  coiit  can  be  seen  aronnd  the  assay.  If,  however»  arsenate  of 
lead  is  present,  it  is  reduced  with  effervescence  and  eraiäiston  of 
arsenical  fumes  to  lead,  which  remains  with  the  crystalline  ph» 
phate.  The  powdered  mineral  fused  with  oxide  of  copper  on  coal 
gives  an  axure-blue  chloride  of  copper  flame. 

By  reduction  with  soda  it  affords  load,  wliich  sometimea  yielJa  t 
trace  of  silver  when  cupelled.  Fused  in  the  platinum  sjioon  with 
three  to  four  parts  of  bistilphate  of  potnsso,  it  forms  a  clear  masj^ 
white  on  cooling.  (Vanadate  of  lead  affords  a  pomograuate-yi>Ual| 
mass,  and  Chromate  of  lead  a  mass,  which  is  violet  while  hut  aa{ 
greenish -whit«  on  cooling.) 

Mimetifc  fuses  on  coal  si^mewhat  less  eosily  than  pyromorphla 
bnt  is  the»  reduced,  with  effervescence  and  a  strong  artieaic  odor, i 
lead.  At  first  affords  only  a  chloride  of  lead  coat,  but  later  artenod 
acid  and  oxide  of  lead.  The  presence  of  phosphate  causes  tbo 
appearance  of  one  or  more  of  the  crystalline  beiuls  above  mentioned)^ 
Chlorine  is  detected  as  under  pyromorphite.  Lime  (as  in  kedypkaM) 
is  found  by  decomposing  the  raineml  with  soda.  The  lead  separat* 
as  metal,  part  of  the  soda  sinks  into  the  coal,  and  part  forms  with 
Ihc  lime  an  infusible  mass. 

f/MJrtÄo^HMJ/jjVödecropitates  and  yields  mnch  water  in  the  matra» 
Tested  afterwards  in  the  forceps  it  swells  like  a  zeolite,  and  color* 
the  flanu'  azure  blue,  but  fuses  only  imiwrfectly.  On  coal  cannot  I» 
melted,  but  gives  a  faint  white  coat  of  Pb  CI. 

In  the  fluxes  dissolves  easily  to  a  clear  glass;  the  S.  Ph.  bead 
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jne  with  a  large  ndJitinn.     With  godii  jnVlda  lead  globules  and 
Ih  cohalt  Bolution  tmna  blue     With  borocic  acid  and  irun  gives  a 
[phüsphide  of  iron,  vüie  phosplioric  acid. 

CeruisUe  decrepilntes  in  the  mutrass,  loses  carbonic  acid  and  turn» 
Ijellow,  with  a  etrougcr  heat  dark-red,  but  the  yellow  color  nvtnrns 
loD  co(»ling. 

Aluue  on  coid  is  easily  re<lnced;  in  the  6uxeg  it  dissolves  with 
efFnrTcscence  und  gives  the  reaction«  of  oxide  of  lead-  Dilate  nitric 
acid  also  dissolves  it  with  effV-rvcacence. 

IBarUnj  carbotuUe  of  lead.  Like  cerussite,  but  leaves  on  reduction 
a  trifling  scoria,  nliich  reacta  for  iron  with  borax. 
Kemirnite  det?repitate«  slightly  in  the  ohised  tnlit\  ruses  at  ri'diieas 
to  a  black  lluid  mass  and  gives  off  a  very  little  seleuium ;  at  a  higher 
heat  some  selenons  acid.  On  coal  fuses  very  readily  to  a  black  sing, 
evolves  a  strong  selenium  odor  aud  ufTords  lead  buttons.  The  assay 
is  eorronnded  by  a  lead  coat  and  l)eyünd  this  a  selenium  coat  In 
the  forceps  does  not  color  the  flame  (?).  With  the  fluxes  gives 
reactions  for  iron  and  copper.    Kersten. 

Phü'Htcnchroite  {inrhinochroHe)  fuses  loadily  in  0.  F.  to  a  dark 
uaes,  assuming  a  crystalline  strnclure  ou  cooling.  In  U.  F.  gives 
off  lead  fumes  and  is  decomposed  into  8C3<piioxide  of  chromium  and 
metallic  lead.     AVith  the  fluxes  gives  cliromiiini  reactions. 

Crowife  dei-repitutes  and    flies  into   small    bits,   ussumuig  tran- 

Bently  a  darker  color.     On  coal  fuses,  spreads  ont  and  is  suddenly 

reduced  with  deflagration  to  lead,  afl'ording  also  a  lead  coat,  while 

gniyisli-green  sesquioxide  of  chromium  remains  with  the  lead. 

■         Dissolves  easily  in  the  fluxes  in  0.  F.  to  ycllow-ish  glasses  Ijecom- 

B  ^ttg  green  on  cooling.    In  ß.  F  the  green  is  darker. 

Keduccil  with  soda  yields  lead,  aud  when  fused  on  platinum  foil 
'*ith  soda  affords  a  dark-yellow  mass,  becoming  light-yellow  when 
CoM.  Fused  in  the  platinum  spooa  with  three  to  four  parts  of 
Hieulphate  of  potnssa,  a  quite  dark-violet  mass  results,  which  is 
lv<ltlish  on  solidifying  and  when  cold  is  greenish-white.  (Vanadate  of 
Icud  imparts  a  yellow  color  to  the  salt) 

Vattquflinite.  B.  B.  on  coul  swells  a  little  and  then  fuses  with 
Trothiug  to  a  gray,  lustrous,  metallic  globule,  showing  reduced  but- 
tons of  meL'il  where  it  is  in  contact  with  the  coal;  a  distinct  lead 
coat  is  funned. 

With  the  fluxes  gives  in  0.  F.  green  beads,  both  hot  and  cold,  but 

I  in  R  F.  they  become  on  cooling  red,  opaqne  red,  or  nearly  black, 
according  to  the  amonnt  dissolved.  With  tin  the  red  copper  color  is 
more  distinct,  p.  $C. 
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Dissolres  with  effi-rvcfccnoe  tn  suUa  un  platiuum  wire  in  0. 
giving  a  cleor  gi>x-n  glass,  jeUow  and  ojiiu{iic-  on  cooliit;;.    Tbii 
forms  a  yellow  solutinu  with  water*  in  which  uhruniic  noid  can  lie 
detect««!,  vids  chmnium 

It  iti  completely  n^dncod  with  soda  on  coal,  and  bv  treating  tbe 
lead  but^jn^  ufior  viuhiDg  away  the  couU  t-'tc,  with  Iraracic  wid, 
ooptHT  is  obtained,  vüia  cüp|K*r. 

DeiclohiU  in  the  matniss  yields  fiome  water.  R  B.  fimcs,  i«  {Mr> 
tially  n-diicvd  to  lead,  surrounded  by  a  black  slui;,  mid  givva  al-ml 
coat.  Wicli  borax  in  K.  F.  a  greeu  glaEs;  in  0.  F.,  on  udiliiig  nitn-, 
a  violet  glaas  (manpinc«c).  With  S.  Ph.  in  O.  F.  a  yellow,  in  K.  F. 
a  chroint-giwn  glaas. 

Decheititf  fuses  easily  to  a  yellow  glass  in  the  forcopE,  and  alto  in 
the   matrass,   without  decivpitatiiig.      On  coul  fust^a   n^idily  to 
yellowiäli-greeo  bead,  and  gives  the  nsual  lcu<i  glubule»  and  ci<ar. 
several  aa<uys  a  distinct  arsenical  odnr  wit.«  ob^rvt-d,  but  not  in  othi 
made  with  pure,  transparent  fragments.     Phospburic  acid  cuiumt 
detected.    The  glsiös  fluxei?  affi^rd  only  vanadic  acid  reactions, 
oauifes  a  white  L*niimL-l,  shoeing  lead  glubulej.    Bergmunit. 

EusifHchife,  anrtiSfiie  nai\  vunntUte  {  Vamulit)  arc  said  to  give  A* 
samu  bhtwpiiMi  ivactions  us  thr  aliove-nanied  vanadät4*ä  <if  lead. 

Vanatlinite  fuita  Ziiuapan  decrepitates  In  the  matrass,  and  At 
high  heat  gives  a  trifling  whitf  sublimate. 

On  coal  in  Ü.  F.  the  powder  fusee  easily  to  a  black,  somewl 
lustrous  miiss,  which  vields  lead  in  R  F,  At  first  a  slight  Pb  Ct 
coat  is  fomied  and  lat^r  one  of  oxide  of  lead.  After  driving  nfftJrt 
lead  the  durk-gmy  residue  gives  with  8.  Pli.  in  R.  F.  an  cnu-rtW* 
green  bead. 

Dissolves  readily  in  the  glass  flaxes,  showing  vmiadic  acid  tr§0- 
tions,  pp.  81  und  84,  With  soda  in  0.  F.  on  plutinum  wire  fnsea  to  » 
yellow  nia£8.  cry^tulline  and  lighter  in  color  \vlu*n  cold.  On  r.^  ■ 
load  button  separatee.  Cliloriuc  is  detected  by  the  S.  Ph.  bead  cogr 
taining  oxide  of  copper. 

Fu8i-d  in  the  platinum  sfioon  wiih  llin-e  to  fimr  part^  of  bisulph 
of  putassa,  it  foniis  a  clear,  yellow,  fluid  &di,  assuming  a  red  i>»^** 
tlnally  a  pomegranate  yellow  color  on  cooling,  thus  difleiing  at  o»**'"' 
from  crocoite  and  pvroniorphite.  I 

Cfiikite  fuses  in  the  candle-flame  to  a  black  bead.  In  S.  Pb.  gi*^ 
a  green  glass,  and  with  §oda  on  coal  a  oupriferoua  lead  b««*^** 
Domeyk». 

WuifcHile  decrepitates  in  the  matnis»  and  transiently  aastimi 
darker  color.    On  coal  fusfs  and  sinks  partly  into  tlie  coal,  w 
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I  Mpantes  and  a  lead  coat  is  funned.  By  )oug  trealnient  with 
p.  most  of  the  lead  is  volutilized,  and  ihen  bv  washing  tlio  portion 
«!h  ImB  sunk  into  ihu  coul,  u  mixture  of  malleable  lead  aud  an 
J  of  lead  atid  molybdenum. 

^isaolvefl  reiidilr  iu  borax  in  0.  F.  to  a  clear  yellow  bead,  colorless - 
DuoUng.  which  l>cconies  opuqu».'  bluck  iu  K.  F.  This,  if  presaed 
i.  appears  dirty-gre*.-!!,  with  black  fioc-ks  of  biuoxid*'  uf  molybde- 
ku  rspecially  on  ooul  In  S.  Pb.  on  wire  diesolves  readily  to  a 
l«widh-gri.en  glae^,  losing  much  of  its  colur  ou  couHug,  and 
«ming  dark-green  in  K.  V.  AVith  eoda  on  coal  affonlä  lead. 
W^xva  fuäfid  with  bii^ulphute  of  putossa  in  the  plutiuum  s\xiOtx  it 
ms  a  yellowish  ma^s.  becoming  while  on  cooling,  and  ihiä.dia- 
Veil  liy  tn*ating  it  in  distilled  water,  uffurda  a  eulution  which  very 
Sckij  becomes  dark-blue  on  addiuir  a  bit  of  zinc  or  tin. 
&>Vo/n/f  decrupitatee  in  thi'  mulrass.  On  coal  fust:*»,  with  forma- 
p  of  a  lead  coat,  to  a  globule  tlifit  rrystidli»;?  in  moling  untl  has  a 
fk  metallic  eurlac*'.  while  it  shuwü  u  gruyiah-whiti-,  vitreous 
pure.  DiaeolveB  easily  iu  the  glass  fluxes  in  0.  F.  to  a  clear  eol- 
fes«  bead.  (The  borax  bead  in  IC  F.  ht-come«  yellowish,  and  gome- 
(tea  ou  cmdiug  is  gray  and  opuque.)  The  S.  Ph.  l>Mad  in  H.  F.  oAer 
Bit  treatment  ussumcs  a  blue  colur,  but  !^umetimeä  uot  ^u  puFe  ftS 
^  lungstic  acid  alone.  Too  largo  a  (luantity,  or  too  long  blowing, 
Idcrs  the  glass  greenish  «nd  finally  quit*'  opaque.  Itcd ii w-d  M'ilh. 
la  yields  lead.  With  soda  aud  nitre  a  diötiuet  manguuebe  I'eaO- 
!)•  Fused  like  the  preceding  minttrul  with  hisulphutfof  potussa 
I  dissnlved.  the  Solution  gradually  becomes  grayish-hliu?  on  adding 
C  or  tin.  To  dettft  tiiugstic  acid  readily  in  ihc  wet  way,  sec 
I  t?'Xiimiuation  for  tungstic  acid. 

»intlheimite  yields  water  and  becomes  darker  iu  the  matruäS.     On 
J    is  reduct^d  to  a  metallic  button,  which  volatilizes  gradually, 
ting  the  coal  with  oxides  of  lead  and  antimnny. 
Wonimotitg  on  coal  yields  a  muUeuLle  leiul-colored  globule,  whidt 
p.  F.  alTords  antimnny  and  lead  coat*  (Dana). 

^^camiiwiionfor  lead  tu  metallurgical  produd^,  together  with 
^H  their  blowpipe  rhnracteristics, 

riie  van'ons  samples  of  commeiTial  load  sometimes  contain  more 
less  copjwr,  antimony,  and  arsenic.  If  such  l*ad  is  fused  and 
!(>t  in  rotary  motion,  I!.  B.  on  coal,  arsenic  can  be  detected  by  the 
nr,  aud  antimony  by  the  coat  de]x>sited  beside  the  lead  coaL    A 
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rcrj  trifling  amount  of  autiroony  can  bo  found  bf  using  boncic 
acid,  tiV/e  antimony.* 

To  detect  any  copper  present,  a  bit  of  the  lead  is  (rwUed  with 
vitrified  l>oraoio  itciil  on  ponl,  nntil  nourly  all  of  tlie  lead  is  etagged 
ofl*.  wlicn  the  remnining  metal  bnttoD  is  fused  willi  S.  Ph.  in  O.  P*, 
vide  copper. 

Silver  is  found  by  cnpelliug  (he  lead,  vide  silver  assay.  PlumbiT- 
erous  bfftck  copper  varies  iu  character,  but  itlways  yields  a  diätittet 
lead  coat.  Other  ingrt-dicntB  are  found  acctirditig  to  the  dir^-ctioas 
under  the  general  examination  for  iron  in  alloys,  p.  22:2.  The 
Itcliavior  of  itpei.'fgeM  aud  mati»  is  also  given  under  iron. 

Litharge  Uhavcs  H.  U.  like  oxide  of  U'ud.  If  containing  urscuaie 
or  antimonate  of  lead  it  aObrds,  on  reduction,  an  are^-uic  odor,  or  «a 
antiniüiiy  cout  Copjier  ig  found  liy  reducing  some  litharge  to 
jiK'lidlic  k-ad  and  trailing  the  button  with  borucic  acid  and  after- 
ward with  S,  Ph.,  nsing  tiu  if  necessary,  vitU  copper. 

Ab»trirh  from  the  eupelhition  for  silver  when  tnaled  alone  im 
coal  is  rudueed  to  metallic  lead,  emits  a  strong  arsenic  odor  and 
yields  coats  of  lead  aud  autJmony.  Copper  is  found  jis  in  Uthsi:g:e> 
To  detect  iron  a  larger  piece  of  abstrich  is  reduced  beside  a  snisll 
borax  bead  on  coal.  ke.'pi»g  the  glass  coaijtanily  c-oveivd  with  agowl 
R.  F>,  aud  shaking  off  the  reduced  leatl  upon  the  anvil  from  lim«  to 
time.  By  rcmelting  this  glass  on  platinnm  wire  in  O.  F.  tht-  iron 
can  be  raised  Lo  tlie  state  of  sesquinxidL*  and  recognized. 

To  detect  sulphuric  acid,  not  too  small  a  quantity  of  the  abstrich 
is  powdei^l  and  reduced  with  soda  on  coal,  the  resulting  fu^ed  bum 
en t  out  from  the  ooal  and  laid  on  rooistenod  silver  foil,  nV/tf  sul- 
phuric acid. 

Ahzng  behaves  iu  general  quite  like  abstrich,  but  if  much  of  the 
hearth  mass  is  mi.xed  with  it  the  mntallic  oxides  can  only  be  rpddcvd 
by  adding  borax,  or  soda  and  borax. 

Cupti  bfiihmjt  or  henrthut  from  the  cnpellatioo  for  silver,  m  wellrt 


*  To  the  pmctinil  «molicr  the  blowpipe  mny  be  vvry  opociAltv  ntfornracwtel  * 
fumitliing  nn  far-y  am]  certain  means  of  rf?co;>ni7.ing  holh  of  the '  Kbonstiimtioav" 
ingrwticiiu  ill  löul.  V.wik  rery  irillintt  quiiiititie*  of  iirwoir  i-nn  Iw  iinmciItuHlr  0^ 
tccleil  liy  lliv  txloT,  wlien  nlwui  two  grm.  of  liio  lew)  a«  qnirklr  fiiKsd  In  a  «Tfi*  wi 
cuaI  with  (he  blue  flnmc,  and  kept  in  mi*ry  iimrion  fur  a  few  itionient>.  A  llTtk<"B>^ 
niony,  if  prcM^ni,  tnnv  b?  Keo^iicd  by  the  bluish-wbitc  eoflt  of  ox.i<fDul  «ntiiD>ni}< 
whidi  forms  Uforr  the  yellow  Icud  coat  appe«ni.  In  nnj  etae  the  nost  luinvt«  idflin- 
Hire  of  Iwnh  th<**e  iiigreilifiu»  is  nt  once  perceptible,  Iicennse  upon  coolini;  xbe  1»^ 
button  ha<t  nut  the  cliunu^ti'ristic  li-ftd-gray,  la<itrotia  mriiuse,  dovctmI  with  L'l)Mrti>lC 
jcllowt^h  lithaiye,  which  i»  xhowii  by  quite  pare  lead,  bot  preccnu  «  Jul!,  bIkiUili 
grAf  color. 


Üio  ßtte  raking»  and  lead  smoke  froui  leud  smelting»  cupelling  and 
roasting  processes,  at  oucc  yield  a  lead  coat  wben  treated  alone  on 
c*onl  in  R.  F.  The  manner  of  detecting  tJio  otlier  ingredients  m.%y 
be  inferred  from  what  lias  preceded. 

iS/ays  containing  oxide  of  lead  jield  a  lead  coat  either  alone  on 
in  R.  F.,  or  when  fused    to  a  globule  with  Boda.    The  othpl 
ieotfl  are  found  by  the  method  given  under  lime. 


I 


9.  Tin,  Sn. 

Ji$  occurrence  in  the  mineral  kingdom  and  in  mdaUurgieal 
products. 

Tin  occurs,  in  nature,  in  the  following  minerals: — 

a.  Combined  witti  sulphur  in 

Stannite  (tin  pjrit«8),~^u'  Sn  +  (^e,  ^n)'  Sn,  with   27.4  Sn  aod 
29.6  Co. 

b.  As  oxide  in 

Cassiterite  (tin-stone),— Sn,  with  78,6  Su,  bnt  generally  conlainiög 

trifling  (|nnntities  of  £^,  )än.  und  o(Kn«innaUy  even  Ta  or  Kb ; 
SUinnit  from  Cornwall, — f^i,  hw  und  a  littlu  Ä1,  Pe,  and  Ca,  with 
30.5  Su,  (Ima  hwn   regarded  as  a  pseudoinorjih  aft«r  fcidtipar, 
Dana.) 

Tin  is  likewise  found  as  an  unessential  ingredieut  in  several 
other  minerals,  Tis.,  meteoric  iron^  iitunic  iron,  tantalUe^  columbiic^ 
ferguaonite^  brochantite,  tfwnaeite,  thorite^  otivinfi,  evfiUjse^  aad 
rrrstrdite.  Traucs  of  tin  can  also  be  deu-eted  in  ecrtain  bn^uu  tuid 
black  zinc  blendes,  when  quantities  of  several  gramnteo  are  treated 
in  the  wet  way. 

This  metal  is  rarely  to  be  sought  for  among  metullurgical  product« 
except  in  the  especial  producta  of  the  tin  works,  including  :  — 

a.  Tlie  varietiea  of  tin  in  commerce,  most  uf  which  not  unfre- 
quently  contain  more  or  less  Fe,  Cu,  and  As,  and  ocoasionally  W, 
Mo.  and  Bi ; 

6.  The  scraps  obtained  in  smelting  tin  ores  aud  refining  tin, 
naoally  containing  a  notable  amount  of  Fe  and  As,  also  occasionally 
showing  Cn,  Bi,  W.  and  Mo; 

e.  Deposits  wliieb  form  on  the  fioles  of  the  shaft  fornacca  when 
■melting  tin  ores,  and  consist  chiefly  of  Fe  and  Sn,  but  not  nnfre- 
qaently  contain  some  As,  Cn,  W,  Mo,  and  Bi ; 

d.  Tin  ulagf. 

Whi!n  copper  ores  occur  with  stannite  or  cassiteritc  and  cannot  be 
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perfectly  geparated  in  eitraeting  and  (Jns6ing  the  ores,  a  staniiiftrooi 
copper  matt  iff  formcil  daring  the  smelting  process,  while  siiuiiüf* 
«rous  copper  id  especially  separuted  during  the  fusious  for  coaceft> 
tration. 

Bxunbution  for  Tin. 

Including  the  blotopipe  char act^ ist ic^  of  the  mineraU  mtnÜanäi 

abovr. 


a.  General  examinalion  for  tin. 

The  behavior  of  metallic  tin  and  the  coat  of  oxide  on  cbarcwü 
have  been  given  on  p.  C8.     If  the  tin  contains  lead  or  bismnili  il 
is  scarcely  possible  to  keep  a  globule  uf  the  alloy  in  fusion,  cveaifl 
the  beat  H-  F.,  wtthunt  having  it  covered  with  a  ernst  of  oxith*.   Bf 
addiug  borax,  howt'ver,  and  treating  this  with  the  If.  F.,  an  wlmii- 
tore  of  lead  or  bifimnth  may  be  recognized  by  the  yellow  coui  (i^ 
posited  on  the  coaL    Shunid  it  be  doubtful  whether  leiul  or  bi«niat)i 
is  present}  the  coat  is  car<.'fii11y  8crap>-d  off.  dissulved  in  S.  Ph.  ^>o 
platinnm  wire,  and  the  bead  treated  on  coal  with  tin.     Bitiriiitli  H 
indicated  by  the  gray  or  black  iippeurance  of  the  cold  be^td.  p.  lOIX 
The  presence  of  arsenic  is  aleo  ascertained  by  the  odor,  while  iniiiing 
the  alluy  with  the  borax,  which  afterwards  oxidized  un  platitmifl 
wire  will  also  show  a  yellow  color  in  presenr«  of  iron.    Tin  is  teiled 
for  copper  by  fusing  it  on  coal  with  a  mixtarc  of  one  hundred  [Miti 
by  weiglit  of  soda,  fifty  horax,  ond  thirty  inlica,  as  descriljed  lii  lln 
separation  of  tin  from  cop[>er  under  tbc  quantitative  copper  üsuJ^ 
The  remaining  batton  of  copper,  containing  only  a  little  tin.  ii 
treated  with  S.  Ph.  on  coal  in  0.  ¥.,  until  the  glass  is  Colored.    T))V 
S.  Ph.  glass  may  then  be  further  tested  with  tin,  to  ascertain  wbetJiet" 
copper  is  actnally   present  or  not.      Tungste^n,   which    iisuallv  i^^ 
present  only  in  trifling  quantities,  cannot  always  be  detected  lii 
cerluinty  by  the  fluxes,  because  the  tin  is  seldom  quite  tree  ft 
iron;  but  on  dissolving  enough  of  the  tin  by  warming  it  with  «qu-** 
reglit,  diluting  with   water,  decanting  the  clear  S')lM(ion  afur  ih« 
residue  has  settled,  and  dige,«ting  the  latter  with  fresh   w\u&  n*^!*» 
yellowish-green  tuD^stic  acid  remains»  if  the  tin  cunlaiued  tnngstÄ 
The  acid  solution,  neuaily  yellow  from  iron,  is  again  decanted,  tii* 
residue  of  tungstic  acid  washed  with  water,  and  tested  with  ^^ 
on  platinum  wire,  when  after  a  short  treatment  in  K.  F.  it  aifonUi 
blue  beati,  p.  100. 

Tiiif  when  present  ic  alloys,  16  almost  always  detected  on  fnsiitg 
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iiem  upon  c<iiü>  since  the  globule  cannot  be  kept  bright  cveo  in  the 
IR.  P,,  bill  quickly  becomes  coveivd  with  uu  increasiDj^cruat  uf  oxide, 
■which  can  only  be  n^moved  with  difficulty  after  adding  bomx. 
MctuUic  suipbideä  contaiuiag  tin.  bat  yielding  nu  coat  of 
wide  of  tin  near  the  assay  when  truuted  ulune  on  coal,  must 
|bf  roasted  und  treated  in  R.  F.  with  »ida  and  borax,  wht-n  metalllu 
^Q  is  obtained,  wltich  may  be  tested  ulune  on  coal.  If  utlier  reda- 
iblo  uifhils  oi'e  present  they  ulfurd  an  alluy,  in  which  tlie  othei 
|inoLuU  can  be  recognized  by  niciuis  of  the  fluxes. 

iri  met-iilliu  oxides,  or  subsUiuces  generally,  whieh  are 
imposed  uf  oxides,  tin   may  be  bitsl  detected  by  a  re- 
l^utitiun  assay  on  coal  with  soda,  or  neutral  oxalate  of  potass»;  it  is, 
Dt>Wever,  necessary  in  certain  cases,  to  add  borax,  so  as  to  slag  ofT  the 
OQsideruble  amount  uf  iron  present 

b.  BUiiopipe  characteristic»  of  the  above  mirierai«. 

^Statmit'-  alone  on  coal  in  It  F.  fuses  to  a  gliibuh\     In  0.  F.  it 
^o)Te6  sulphurous  acid  and  is  covered  with  oxide,  which  is  also 
sited  ou  the  coal  near  the  assay  and  can  be  immediately  recog- 
i*cd  by  its  well-known  pro|>ertie8,  p.  ßS. 

Xu  iho  open  lube  it  yields  sulpburuus  acid  andsome  oxide,  whicli 

^llects  quit«  near  the  asi^y  and  (>annot  be  volatilizi'd  agiUu.     Well 

sted  with  ultemutc  0.  P.  und  R.  F^  it  shows  iron  and  cupper  with 

-A  litlle  «inc,  which  may  be  found  in  Ibe  wetway,  cannot  he  detcctr 

B.  B,,  siuce  the  coat  which  it  forms  is  concealed  by  theoxide  of  tin. 

CatsiferHtf  belmves  like  binoxide  of  tin,  p,  109,  but  witli  a  snlfi- 

*nt  cpiuntity  the  borax  bead  occasionally  shows  a  yellowish  color, 

^ly  while  hot»  owing  to  some  iron;  a  feeble  manganese  reaction  is 

"Oqneutly  obtained  with  soda  and  nitre.     A  small  quantity  of  tan- 

fc-lic  or  hyponiubic  acid  can  be  found  by  the  method  to  be  given 

*-*  «^idcr  tuutalum  and  niobium. 

Stannii   Ib  infusible  on   coal  and   in    the  forceps.     It  dissolves 
*l«^wly  lo  a  Colorless  glass  in  l>omx  and  S.  Ph.  giving  v.  silica  akele- 
'^)ii  with  the  latter.     Willi  little  soda  fuses  to  a  «lug-like  mags,  with 
^ure  in  R.  F.  affords  metallio  tin. 

c  Exatnitiatitin  for  tin  in  meialinrgicai  prodvel$t  indmling  their 
biowpipe  cliaracteriHtics, 

The  behavior  of  commereial  tin  n  ay  be  deduced  from  the  remurki 
noder  ti,  on  tin  in  general 
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The  differt-nt  aorta  of  ti»  scraps  trom  smelling  und  refining  b 
behave  variously,  but  their  constituents  may  1»  quickly  deti-ctod  t^*y 
testing  them  on  l-ouI  und  with  the  fluxes,  obsonring  all  thut  vm  iak  4 
under  a. 

The  deposits  on  the  sole  of  the  fnraace,  treated  on  cool  with  burtt.3 
in  R.  F^  sometimes  yield  an  unmistakable  coat  of  oxide  of  tin.  TLm< 
manner  of  detecting  the  remiiining  iujjredients  may  be  dwluc^Kl- 
from  the  general  rfni&rks  on  metuUic  com|>ounüä  under  iron,  p.  '2'2^~ 

Should  there  be  so  little  tin,  hovever.  as  to  yield  no  distinct  oo».t,' 
it  is  only  necessary  to  di.ssülve  the  product  in  nitric  acid  and  testlLie 
residue  of  biaoxide  of  tiu  with  suda  on  coal. 

TV«  jslaffs  fuse  in  II.  F.  alone  on  coal,  without  prodncing  a  Dolic*- 
able  coat,  but  by  a  rednclio»  ns?iay  with  soda  and  borax,  metallir  tin 
is  obtained.  The  other  ingredients  ure  detect^  as  giveu  nndfr 
lime,  p.  155,  bnt  Eome  silver  must  be  uilded  when  it  is  proposed  to 
reduce  all  the  oxide  of  tin.  If  the  slug  ccituins  tiingätic  acid  lli^ 
whole  of  tUo  tuugstcu  is  fouud  iu  the  separated  siliea»  vide  tiu  &la^ 
under  tungsten. 


10.  BisjcrTH.  BL 

lis  occurrence  in  the  mineral  hingdotn  and  in  meiaiiurf/ical 
producta. 

Bismuth  belongs  to  the  rarer  metals ;  it  is  found; 

a.  MetaUk  in 
Native  bismuth, — Bi. 

b.  Combined  with  other  v\etah  in 
Tetradymite  {telluric  bismulh)y—A  name  given  to  scTeral  icomoc 

phons  Compounds,  some  of  which  also  contain    sulphnr  an^ 
selenium.    Dana  gives  the  Tolluwing  species: 
Tetradymite.—l.  Free  from   »nlphur,—'Bi  Te",  with  fil.9  Bi    ' 
2.   Sulpfiurous,~-\M  (|  Te  +  |  S)',  with  58.3  to  Ö1.3  Bi ;  3.  Sel^^ 
ni/eroust  from  TcUemark,  which,  according  to  Berxelius,  git^ 
B.  B.  a  strong  odor  of  selenium ; 

/o«ftV#,— Bi'  Te*  (S,  Se)*,  with  78.4  to  7lt.l  Bi,  frnm  Brazil; 
Wehrlite—hi  (Te,  S)',  with  61.1  Bi,  from  Huugary; 
Chilenitc,  vide  silver. 

c.  With  sulphur  and  arsenic  in 
ABoclasile,— S,  As,  Bi  (30.1  per  cent).  Co,  Fe  (Zn,  Ni,  An). 

<2.  With  sulphur  in 
Bismuthiuifo  {bismuth  glance), — Bi,  with  81J2  Bi,  occasionally  mi 
Fe  and  Cn ; 
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plectite,— 6n  Bi,  witb  62  Bi  and  18.9  Cu; 

tticheoitc,— 6u*  Bi,  witli  42  Bi  and  3a4  Cu; 

initu,  from  Bureäuf,    i 

viatii«,  >  vüieleud; 

belli  te,  J 

Eli  rite,  vide  copper; 

Lnanite,  vide  nickel. 

I  Ju  tulphido  cumbined  with  oxide  in 

relinitc— Bi  6i.  witii  01.3  BL 

k  Ae  otide  in 

mit«  (btjtmuih  ochre)y — Bi,  with  89.6  Bi,  bnt  a  ways  oontaiDing  a 

little  l^e,  C,  tif  aud  occusioually  Us. 
.  Coniliiiitid  with  oarbonic  acid  in 
Diutite  {Wismuthfpalh)    from  S.  Carolina,— 3  (Bi  Ö  +  ft)  +  Bi 

B,  with  7-t  Bi  and  a  little  Si,  Ä1,  Oa.  Sfg,  and  1^ ; 
bonntc  of  bismnth  {/iitimulhil), — Bi,  C,  and  triHing  (jiiantitit« 

of  I^e,  Cu,  5,  and  ^1.    (Perhttpa  when  pure  like  bismutite). 
,   With  telluric  acid  u\ 
ntanit<r,-Bi  Te  +  2  fi  (Dann). 

As  gilicate  with  phosphate  in 

ytite  1  A,  10,  probably  Bi*  Si',  with  some  P,  Pe,  on,  Fl,  and  fl; 
oon raining  6'Z.2  Bi; 
>ochlorite  III,  probably  a  product  of  decompoaition,— Si,  Ä1,  Bi 

(13  j)er  ccnL).  Pe,  V,  and  traces  of  Mu ; 
}«&iitc,  probably  silicate  of  biduiuth. 
»   As  vanadate  in 

•her'ite,  I,  1.     Bi  V,  with  Bi  71.67. 

iemiith,  which  is  generally  extracted  from  cobalt  oi-ea  by  a  simple 
,»tioa  procvsä,  also  forms  an  occafiiouul  accessory  ingredient  in 
ain  metalliirgioal  products,  vi?..:  as  ntetul,  in  large;  or  smaller 
portion,  in  cobuU  speise,  when  the  eohalt  «rea  employed  in  the 
faction  of  smalt  contain  bismuth.  Bismuth  is  also  concen- 
«d  in  the  speiss  and  lead  matt  obtained  jls  intermediate  prudncts 
inciting  cobalt  ores  containing  bismuth  and  silver;  it  is  fi'e- 
ntly  present  in  "brightened"  silver,  and  mast  of  it  is  absorbed 
the  nioas  of  the  hearth  when  the  silver  is  refiued.  Lastly,  a  litllo 
uuth  may  occur  in  tin.  (produced  on  a  large  »ale,  nnless  the 
Bti-d  tin  ore  has  been  freed  from  it  by  treatment  with  dilate 
phloric  acid,  etc,  prerious  to  the  smelting  process. 
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BxaminAÜon  for  BiimuUi. 

Including  the  blowpipe  cftaracierutiics  of  tfu  above^namti 
miner  ah. 

a.  General  exoniinai  ion  for  bismuih. 

Bismuth  in  nlloys,  as  t hoy  occur  in  nature  and  among  meUlIia*** 
gical  prudiicU.  Jiiuv  lie  recttgnizetl  h_v  the  coat  afforded  by  tlie  sub— ^ 
stance  uluue  on  coal,  :ind  which  is  besi  obLaiued  in  R.  F.    10^ 
is  dark  onuige-yellow  while  hot,  Icmon-yelhiw  ou  cooling,  an 
ohiiuge^  it£  place  under  tiie  li.  F.,  without  ciluriug  the  flame,  \k  C7. 
Wlieu   easily  volaliliiable  metals  are  present   they  {urtly  pass  off, 
jULrtly  in  fumes  und  partly  afford  u  coat,  udjuining  the  bismuth  ooal, 
e.  ff^  teilurium.  arseuic,  e(c. 

bismuth iftTuuä  lead,  which  is  more  or  less  hriltle  according  lo  the 
prop<<rti<ju  of  biämuth,  is  treated  alouo  ou  coal,  uutil  u  di^tiiict  cunt 
is  produced,  wliich  ie  carefully  seraped  olT,  dissolved  in  S.  Fb.  uD 
plfttiuiim  wire  iu  0.  F..  and  the  colorless  head  treated  with  tin  on    ^j 
coal  in  R  F.     If  bismuth  vras  present  the  cold   bead  is  durk-j,Ttty^-^ 
or  nearly  black.     Acids  of  autiuiony,  however,  produce  a  »iniilarrrr* 
reacliun,  and   the   metallic    eoinpound    must  first   be   freed  fr<jn^^ 
ontimony,  if  present,  by  treating  it  for  some  time  ou  co»!  in  0.  K,.^ 
Mild  then  keeping  it  melted  on  u  fresh  coal,  until  a  coat  is  formril^ 
which  will  suffice  for  the  S.  Ph.  test. 

To  very  iufuäible  alloys,  containing  nickel,  for  inalancc»  somepnre 
iilver  must  l>e  ndded,  and  the  whole  treated  in  li.  F. 

When  the  bi^nuth  is  combined  with  sulphur  a  white   runt    o^ 
äulphate  of  bismuth  forms  beyond  the  yellow  cuat,  but  CVtt 

^     **"   may  be  prevented  by  adding  soda. 

The  prt-sence  of  much  lead  causes  a  mixed  coat  of  oxides  «f  I   •** 
and  bismuth,  which  can  hardly  be  distin;^uisbod  from  a  pure  ^    ~^ 
cout,  and  a  trifling  amuuut  of  bismuth  cun  then  only  be  delected^—   ' 
a  special   test,  which    may  be  made   in   two  ways.      The  simp        ^"^ 
method  courngf«  in  prwlueing  a  copious  yellow  coat  and  testitig  ilV^ 
liefore  with  S.  Ph..  afier  first  ascertaining  the  absence  of  antimC^^^^'*** 
by  a  s|)ec-ial  examinatiun  fur  that  metal.  , 

The  other  method  consists  iu  roasting  the  substance  thoroogti^*^  ^jj^ 
but  carefully,  on  coal,  to  prt'vent  sintrrinff,  fusing  it  then  with  thr 
to  funr  vulumes  of  bisulphate  of  potossa  in  the  platiuoni  sp^Ktn,  a 
Lreuliug  the  mass  with  water  in  a  small  porcelain  dish  over  the  Ion 
until  everything  is  detached  from  the  spoon.     Sulphate  of  iKttu^^' 
and  other  soluble  sulphates  urc  dissolvcil,  leaving  neuthdsuIplnUe 


of 


EXAMINATION   POU   UISHUTH. 


28J 


and  basic  gulphat*-'  of  bismuth  ;  only  a  trifling  qnmitity  of  the 
tmutb  13  diesulved  aa  ntutral  sulphute.  Autimoay,  if  presont, 
lo  i^Tnains  behind  as  acid. 

lAflor  decanting  the  clear  siihition,  the  residue  is  heated  to  boibng 
h  pur*^  wattT,  a  few  drops  of  üulphuric  ucid  and  some  nitric  acid, 
:eu  the  sulphate  of  bismuth  disäolrcsj  leaving  a  residue  of  sul- 
te  of  lead,  with  any  oxide  of  antimony  presem.  After  ülfrution 
bismuth  is  thrown  down  from  the  warm  tiltrate  by  mtans  of 
h«  as  a  wliit«  precipitate,  which  is  collect<*d  on  a  filter  and  losted 
H  S.  Ph.  The  bead  on  jilatinum  wire  is  colorlesa,  or  only  yel- 
i«h,  but  on  ooa\  with  tin  in  K.  F.  becomes  dark-gray  on  cooling, 
uving  therefore  like  oxide  of  bismuth.  It  may  also  be  recognized 
uch  on  coal. 

leu  substances  containing  oxide  of  bismuth  ai%  treattMl  oxUm,  «tc 
vie,  or  witl)  soda,  on  coal,  tliey  yield  an   nnmislakahle 
nauth  coat.    Should  there  bo  any  duubt,  the  coat  may  be  scraiwtl 
and  tested  with  S.  Ph.,  provided  the  substances  are  free   from 
äeof  antimony.    (See  Section  III.*d,  of  the  Appendix.) 

i.  BUfwpipe  cJiaracieriMifuf  of  the  mtiifTuh  containing  bismuth 
above  mentioned. 

Native  hismvih  behaves  like  pure  bismuth,  p.  67. 

00||POL'KD6   OP   UISMUTU    WITH   TELLL'UIfM,   SULPHtTB,   AKD 
SELKNIUM,  SEPARATELY   AND  TOQETHEK. 

'^'S/rat/ymiie,  free  fW>m  sulphur,  futKs  easily  and  yields  iu  the  open 
vhitc  fumes,  which  partly  stream  through  the  tube  and  partly 
t^mj*-'  near  the  assay;  when  selenium  is  present  a  Btnmg  lieat 
■T^  a  red  spot  due  to  the  admixtua*  of  selenium,  wi;ich  also 
Tta  a  strong  (tdor  of  selenium  to  the  escaping  gas.  The  white 
fuses  B.  B.  to  clear,  colorless  drops,  and  is  thus  recognized  as 
Tous  acid,  but  the  ivtidinh  film  volatilizes.  After  the  volatile 
tiiueots  are  mostly  expelled  the  metallic  globule  is  surrounded 
>n»wn  ru*ed  oxido  of  bismuth,  which  is  opuquo  and  yellow  wlun 
On  L'oul  fuses  very  e^isily  to  a  inet;ilUo  globule,  colors  the 
\r  blüiüh-green,  diffuses,  if  seleniferous,  a  distinct  S'-leninm  odor, 
deposit  a  white  coat,  with  a  dark  orange-yellow  one  still  nean-r 
assay.  The  former  disappears  under  the  R.  F.  with  a  bluish- 
n  Oame,  the  latter  becomes  lemon-yellow  on  cooling.  The 
iuiug  button  c«n  be  entirely  volatilized,  furnishing  an  abimdaut 
uiuih  coat. 
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The  itulphiii-ous  vark'ties  ulso  yield  snlphnroaa  acid  ia  the  tobe- 
WchrliU  beha-vea  like  tArti-adymite  cuataiuiii^  sulphur. 
JostiiU  does  the  same,  bat  affordä  the  scleninm  rejtclioua  distinocif- 

BISML'TJI   WITU   ARSENIC   AND  SDLPBtJB. 

AlUt^iaitUe  uffords  AraeDic  fuincfl  and  »  bismuth  ooat  on  ooult  AEftd 
(tises  to  a  dull  gray  buttou  (Naumuua). 


f 


BISMUTH   COMUIXED   WITH   SDLPHCTt  AND  OTHEH   METALLIC 
SULPHIDES. 

Bismutfiiftiff  fusee  in  the  closed  tube,  yielding  a  little  ßiilphut^ 
Carefully  hi-ulod  iu  the  uiteu  tube  it  futica,  yii-ldtiig  sulphurous  aci 
and  H  cottt  of  sulphate  of  bismuth,  which  fuses  B.  B.  to  brown  drops, 
j'oUowish  and  opiiquo  on  cooling.  Strougly  hcat«d  the  assay  IhiiU»» 
and  oxidt»  of  bismuth  is  deposited  in  the  snrrounding  glans.  Oi» 
coal  it  first  yields  some  sulphur,  then  fuseft,  epirt«  out  ghm  iug  drop»» 
and  dejxieitä  coats  of  oxidv  aud  sulphate  of  bismuth.  Whin  all  tL>0 
bismutti  is  removed  a  trifling  bcuria  usunlly  rcmaiinä.  which  fre- 
quently uflords  iron  reactiuns  nud  somt-tinit-s  coj>pi-r  with  tbe  fluxc:S' 

Empkitite  aud  tcitticfteniie  behave   similarly.     The  residue  oä* 
coal  viflds  a  uoppcr  button  with  soda  ur  neutral  oxalato  of  poCassa. 


SULPHIDE   WITU   OXIDE   OP   BISMCTH. 


4 


Kareiinih  yields  some  sulphurous  acid,  but  do  salpbnr,  iu  th. 
matrass;  metallic    globules  of  bismuth   separate    from    the  fu 
masB.     In  the  opeu  tube  sulphurous  acid-and  a  bullun  uf  meta'B-a 
Mirrouuded  by  c^ily  fusible  oxide  of  bismuth.     Hennann. 


OXIDE  OP  BI8MLTU. 

Bitmil«  genemlly  yields  wat«r,  and  upon  addition  of  bydrocblur 
acid  n^ueutly  shows  a  little  carbonic  acid.  With  6uxes  and  c 
ooal,  Uke  oxido  of  bismuth,  p.  100. 

SALTS  OP  BISMUTH. 

Bifttavtiie  in  the  matrass  decrepitates,  yields  wotcr,  becomes  brt>wTi, 
aud  fuses  readily  on  the  gU^.    Oo  coal  is  quickly  reduced  to  bi»- 
mutli.      In  S.  Ph.  a  dark  yellow  bead,  eolorl<^ss  on  cooling  and 
showing  flakes  of  silica.     DisMilws  iu  nitriu  acid  with  effenredoeno«^ 
lt«riug  a  yellow,  clavi'V  rrsidue>     (fiammelsberg.) 

Carbonah  9f  hwHulh  (^ümiiMi/)  yields  in  the  matms«  a  littk 
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lecTPpitÄtcÄ  ard  tnrns  gray.     Od  coal  n?(lnc<?8  with  eflervfs- 
'  tv  bi&muth,  which  oSbrds  u  bmmuth  coat  und  can  be  driven 

leaving  a  trifling  scoria.  This  in  E.  F.  fuses  to  a  magnetic 
e,  and  shows  chitfly  iron  and  copper  with  the  fluxL-a.  With 
O  coal  the  powdered  minerul  attardd  u  Kulphur  rL-uuiion.  It 
^5«  in  hydrochloric  acid,  with  evolution  of  carbonic  acid  to  a 
^llowish  fluid. 

^^auite,  according  to  Danu,  yields  water  in  the  closed  tube. 
S^ves  reactions  for  bismuth  and  tellurium. 
^tih  is  nnalten-d  in  the  closed  tube.  (According  to  Dana 
'Xtates  and  atlurds  u  trace  of  water.)  In  the  forceps  fuses  veiy 
y  with  mtamesci^nce,  and  if  pun;,  tinges  the  Üamc  bluiüh-gruen 
E>boric  acid).  On  coal  swells  and  fuses  easily  to  n  brown  bead, 
its  a  bismuth  coat  and   sometimes  I'mits  aa  arsenical  odor. 

a  little  soda  efl'ervescvs  and  yieMs  miitallic  bibniutl)  mid  a  bead, 
-'«1  blue  hy  0  little  cobalt  If  this  bead  is  powdered,  treated 
ocetlo  acid,  diluted  with  water,  filtered,  and  the  solution  treated 

n  few  drops  of  solution  of  acetate  of  leud,  phosphut«  of  lead 
9  and  produces  a  distinct  cluudine&s.  The  S.  Ph.  glass  shows 
,  and  with  tin  on  coal  bismuth. 

fpochlorite  is  infusible  in  the  foi-eeps,  but  assumes  a  durk-brown 
With  sulphuric  acid  Iho  powder  yinUls  a  distinct  phosphoric 
flame,  p.  76.  On  coal  in  R.  F.  yields  a  trifling  bismuth  coat, 
mt  fusing.  Dissolves  slowly  in  borax,  showing  ii'ou,  aind  the 
uted  glass  in  It  F.  on  ooal  becomes  somewliat  cloudy  and  then 
aea  a  yellowish -green  color,  while  a  slight  biamutii  coat  ia 
>d.  The  S.  Ph.  bead  is  yellow  and  shows  silica;  on  coal  with 
pcomes  dark  gniy. 

th  soda  ou  coal  it  fuses  with  effervescence  to  a  globule,  and 
icea  a  distiuct  bismuth  coat,  while  a  slight  manganese  reactioa 
Ained  with  soda  and  nil-re. 

y  (.'.  MdaUurgical  product«. 

e  remarks  under  the  general  examination  for  bismuth  apply 


h 


11.  ÜRAKIÜM,  XJ. 

It$  occurrence  in  the  mineral  kingdom.. 


inium  is  fonnd  in  the  following  minerals: 

Kz  oxide  in 

iuite  {pilc/iifiende)t—XJ  C,  but  always  containing  considerable 


k 
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qauntitioa  of  other  substances,  viz.:  Kb,  Bi,  Co,  Fe,  Co,  V,  Aa, 
S,  Ca,  Sig,  Si,  and  fi ;  cvrccite  eliould  proitably  be   hiduilol 
here ; 
EliasiU.*  {j)iUiniU)^  mainly  hvdmted  scaquioiide  of  uranium,  with 

f>b,  Ctt,  Slg,  iV-,  fe,  Si,  C,  und  P; 
Qumniite  n*om  Julmnu-Gt'orguuHtiult,  essentially   bydnitcd  scsqui-    •di- 
oxide of  uriiiituMi.  mixed  tvitU  some  phosphate  of  lime  and  Si,    ^i 

and  containing  tnicca  of  Xs,  V,  and  F. 
b.  Combined  with  acids. 

a,  With  sulphuric  acid,  as  a  yellow  basic  salt  Id 
Zippeito  from  Jonrbimsthal,— ^'  S"  +  12  fi;  the  cupreous  rariety,  «"^i 

-CnS  +  ü'S'  +  iaÖ; 
Uraoonite,  same  locality, — 2  C'  S  +  37  il; 
Uranvitriolt  from  same  locality, — D'  S  4-  18  fi. 

As  fulpJuite  of  proto-sesquioxid«  in 
Johaniiite,  acconliiig  to  Liudacker, — 67.7  Ü  C,  6  Cu,  0.3  f'e,  20 

ö.ti  a  • 

Vogliauitt', — (Ü*,  ü)*^  +  '^  fi,  one  variety  oontAining  LOG  Cb^wu:^  mai 

another  conraining  '4.3-1  Co  (Dana) ; 
UmnoohalcitL'  [urangrün)  with  Co  Co,  lO.I  Ca,  27.1  fi,  and  36J 

C; 

Hedjidito,  probably  dS  +  Ca'  ^  +  15  fi,  thus  upproachiug  urana 
ohalcice,  Doqiu 

ß.  With  phonpAcric  acid  in 

Antnnite  (fimtf-HrrtwiVi«),— (Ca'  P  +  2  C'  P)  +  24  fl,  with  u  HtU 

^;  Dana  writes  C'  P  +  Ca  fi  +  7  fi; 

Torbernit«  {copptr-umHU9),'-(0ix*  P  +  2  C  ?)  +  ^^4  fl ;  or  C  P  HP- 
Cu  ft  +  r  fi.  Dana, 
y.  With  carboHic  acid  in 
LiebigitA— (^  Ca  C  +  H'  C)  +  36  tl,  R&mmelsberg ;  or  (Ca  C  +  9 

C)  +  20  fi,  J.  L.  Smith ; 
Ürmt-Kttlkcttrbonai  (h>m  Joacbim«tbal,  related  to  the  preceding, — 

(CnC  +  ÜC)  +5  fi; 
roglit^-,  ixrhui«  ftC  +  fi;ft  =  Ü,C»,Oil. 

i.  ^'Hh  fiy pott io^ic  meid  in 
Samarskite.  rith  yttria. 

I.  With  viYiVic  acid  in 
Unurophan«  II-III,  1,— (i  It*  ^  |  H)  Si  +  fi;  fi  =  Ca.  Hg.  K  ;  ß 


EXAUIXATION    FOR    UUAX'ICU. 


^  üy  X\,     Contains   tetradymite    and    various   disseminated 

aulpliides. 
Trifling-qnantitiofl  of  nninlnm  are  ahn  found  in 
ryTochlore,  fri>m  Brevig  and  Fredriksväni,  ride  lime; 
"^rgnsonite,  yttrotantalifcu.  euxenite,    tyrit»*,    aud    polycraso,  vide 

yltria. ' 

Sxamination  for  Uranium, 

iuiling   the  blowpipe  characieristic«  of  the  ntinerah  above 
ennmerftfetl. 

fu  General  ffxauiinniion  for  uraiUitiu. 

When  U'sting  for  unininm  the  cliief  point  to  ho  congidfred  is  the 
pbavior  of  its  sesquioxide  with  S,  Pli.,  with  which  in  0.  F.  it  yields 
^  yellow  giaaa,  becoming  yellowish -green  on  cooling  ;iiid  piiregi-eeii 
in  U.  F..  p.  111. 

In  absence  of  otlier  oxides  jimdiu-ing  similar  colors,  S.  Ph.  yields 

E^ecifiirc  result«,  tmt  when   oxides  of  iron  and  poseilily  alxo  titunio 

ski  are  present,  in  which  case  tlie  S.  IMi.  Ix'ud  in  It  F.  bccomi-s  red 

cooling,  vide  inui,  p.  '^"Jö,  the  urunium  color  eunonly  bu  pej-ceived 

by  treating  tlie  glass  in  0.  F.,  wht-n  it  assumes  on  cooling  a  gi-eeu 

color.  mix«l  with  much  yellow. 

When  thcrt  is  little  unmiuni  and  mnch  iron  Ihe  fluxes  show 
only  the  iron,  and  the  siihstanee  must  then  be  treated  with  bisul' 
phat«  of  pntassa,  carbonate  of  ammouiu,  etc.,  vide  in>n,  p.  235. 

Snbstances  containing  oxides  of  copper  and  uranium  yield  green 
beads  in  O.  F,  with  Iwrux  and  S.  Ph.,  and  as  snhstattces  containing 
oxides  of  iron  and  copper,  without  uranium,  do  the  same,  the  fol- 
lowing metho«!  may  be  adopted  to  detect  the  presence  of  a  little 
oranium.  The  siibstanco  is  treated  with  soda,  borax,  and  a  silver 
button  on  coal  in  It  F.,  nntil  nil  the  Ci^pper  is  reduced  into  the 
•ilver,  after  which  the  slag,  containing  uraainm  and  other  nou- 
redncible  oxides  like  oxide  of  iron,  in  a  low  atat«  of  oxidation,  is 
dissoired  by  warming  it  with  a  little  aqua  regia,  treated  with  excess 

■  of  carbonate  of  ammonia  and  the  process  conducted  according  to 

■  p.  225. 


b.  Dhtejftpe  eluiracten'gh'c«  of  the  nhove^mentioned  uranium 
minerals. 


Uraninite  from  Johann-Georgenstadt  yields  some  water  »t  first. 
kben  nstmlly,  if  containing  many  foreign  substances,  a  trifling  snbli- 
mate  of  sulphur,  next  sulphide  of  arsenic,  und  finally  metallic  arsenic. 
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lu  the  oiwii  tnbc  evolves  6n1])))aroa8  acid,  and  a  ring  of  aneuoof 
acid  collect«  on  the  tube ;  the  üss&y  docs  nut  alter  peroeplihiy.  R  S> 
is  ouly  roiiiided  somewhat  on  the  edges  and  usnally  tinges  the  Siune 
azure-lilnc  (lead),  near  th«  assay»  and  fine  green  at  a  greater  diütunne 
(copper). 

The  thoroughly  ignitei  mineral  behaves  with  the  glass  fluxes  lii» 
Besquioxide  of  iiranitim,  p.  111. 

It  is  not  dissolved  by  soda,  but  if  treated  in  ß.  F.  on  ooal,  vhicii 
often  causes  a  perceptible  odor  of  arsenic,  after  washing  awny  the 
coaly  particles  and  protoxide  of  unuiinm  in  the  mortar,  it  yifldt 
metallic  particles  of  a  light  copper  color,  apparently  consisting  of 
pliimbiferoiis  copper,  since  a  yellow  coat  is  also  produced  on  the  coal. 
A  test  with  S.  Ph.  establishes  this  snppoeition. 

Coracite,  gxmvtaiU,  diaitUet  yield  much  water;  otherwise  like 
Di-aninite. 

The  sulphaUa  of  aesqvioxide  of  uramvm  yield  water  in  the  mal- 
rasa,  become  red,  theu  brown  ;  on  coal  evolve  sulphurous  acid,  and 
react  for  uranium  with  the  fluxes. 

The  sulphates  of  the  proto-sesqnioxide  behave  similarly»  hat  B.  B.. 
change  to  a  brown  or  greenish-black  maefi.  The  S.  Ph.  hvvuX  with 
tin  on  ctml  is  dark-red  in  presence  of  copper.  The  nit-ric  acid  solu- 
tion treated  with  water  and  ammonia  in  excess  yields  a  yellow  pre- 
cipitate, which  behaves  like  pnre  sesquioxide  of  uranium  with  the 
fluxes.     If  Cu  is  present  the  ammoniacal  solution  is  blue. 

With  soda  on  coal  they  all  yield  a  strong  sulphur  reaction. 

Auiuni/e  yields  water  and  becomes  opaque  straw-yellow  in  the 
matrass.  On  coal  fuses  with  somt*  intunio-^ence  to  a  black  globule^ 
with  a  crystalline  surface.  With  the  glass  fluxes  shows  nraniam. 
With  soda  a  yellow,  urfused  slag.     (Berzelius.) 

Torbcrnito  behaves  like  antnnitc,  but  shows  copper  with  &  Ph. 
and  tin,  as  well  as  on  reduction  with  8od&  The  copper  button  ie  fte- 
queutly  wliiiened  by  arseuic,  which  can  be  recognized  B.  B.  by  itaodor. 

Liei^iffiie  yields  water  and  becomes  grccni^h-gray  in  the  malnua. 
At  a  red-beat  blackuna,  withont  fiisiug,  but  becomes  orange-rod  on 
cooling. 

B.  B.  in  forceps  and  on  coal  is  infusible  but  remains  black. 

With  borux  in  0.  F.  a  yellow  bead,  green  in  U.  F.  Dissolves  with 
lively  effervescence  in  hydrochloric  acid,  forming  a  yellow  solution. 
(J.  L.  Smith.) 

The  related  Uran-KalJccarhonat  loses  water  and  becomes  gniyiÄh- 
black,  or  by  access  of  air  brownish-black,  is  infusible,  and  show« 
uranium  with  fluxes. 
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Fiy/tVe  likewise  blackens  vheu  heated,  is  infusible  und  eulors  the 
flame  green.    It  yields  copper  when  reduced  with  soda. 

Vrenephatte  yields  alkaline  water  in  the  matrass,  blackuns,  and  on 
eooiingiB  nuty  brown.  In  the  open  tube  becomes  almost  orange- 
jeDoir,  and  strongly  heated  yields  trifling  rujiors  and  a  coat,  partly 
volatile  and  partly  fhsible  to  dropSj  Te,  while  a  feeble  selenium  odoi 
■  perceptible.  Alone.the  mineral  fuses  to  a  black  glass  and  imparta 
aili^fat  copper  coloration  to  the  flame.  On  coal  affords  coats  of  Sb 
udBL   With  the  flaxes  shows  Si  and  uranium. 


12.  Copper,  On. 

Us  oeeurrenee  in  the  miTieral  kingdom  and  in  meiaUurgieal 
products. 

Gtqiper  occurs  quite  extensively  in  nature,  being  found: 

a>  Mäallic  in 
Ifitive  copper,  Cn,  occasionally  argentiferous. 

h.  Combined  with  arsenic  in 
Whitneyite,— Cu"  As,  with  88.3  Cu, 
Algodonite,— Cn"  As,  with  83.5  Cu, 
Domeykite  {arsenical  coppei'), — Cu'  As  with 
7i.6  Cn, 

Gmdnrrite,  essentially  a  mixture  of  Cu'  As,  Gu,  Cu,  Cn.  Ks,  Äs, 
contains  51.2  Cn  and  probably  results  from  the  dcconiposition 
of  arsenide,  or  arsenide  and  sulphide,  of  copi>or. 
^  Combined  with  selenium  in 

Crooltesite,— (On,  Tl,  Ag)  Se,  with  45.7  Cu,  17.2  Tl,  3.7  Ag  (Dana) ; 

^nelianitc,— Cu*  Se,  with  C1.5  Cu ; 

^cairite,  vide  silver; 

^'^'Rite  and  SelenqueehsiWerJcupferhlei,  vide  lead ; 
^ikupferquwhtilber, — Se,  Cu,  Hg,  and  a  little  Fe,  also  occiisitm- 
Hlly  containing  Pb. 

^    Combined  with  sulphur  in 


nearly  always  cou- 
tuiniug  some  Ag; 


jf'^lcocite  {copper  glance)y—6\\,  with  79.8  Cn, 
'S^nite  (probably  chalcocite  with  oovcllite, 


ooutniniug  occ-a- 
sionallv  I'e  and 
Ag; 


Dana  ),— 6n  +  4  6u  ?,  70.4  Cu,  ^ 

^"^ellite  {indigO'COpper)y~6u  witli   GG.4  Cu,  but  not  always  free 

from  Fe  and  Pb ;  cantonite  has  the  same  compositiou  ; 
^»nite  {erubescite,  purple  copper),~d\\*  ^o  (or  (Cu,  Fo)  S  +  Pv  in 
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varying  proportions,  Dana) ;  usually  mixed  or  combined  «with 

more  or  less  chalcocite,  sometimes  also  with  chalcopjrke; 
Tennantite,— {6n,  h^e)*  As,  with  47.7  to  51.6  Cu; 
Kupferblende  (zinc/ahlerz)  from  Jnnge  hohe  Birke,  Freiberg, —  (Gtt, 

Fe,  Zn)*  As,  with  41  Cu  and  traces  of  Pb,  Sb,  and  Ag;  tenni»«»- 

tite  in  which  Cu  is  replaced"  by  8.9  per  cent  Zn ; 
Enargite  {guayacanUe), — Gu*  As.  with  48.3  Cu,  but  containing   • 

little  Fe  and  Zn  in  place  of  Qw,  and  Sb  in  place  of  As; 
Barnhardtite,— ^u'  Ik,  witli  48.1  Cu,  or  2  ^u  +  i'e  +  fv  (Dana)  ; 
Homichlin,— 6u'  £5e  +  2  i'e,  with  44.2  Cu  ; 

Tetrahedrite  {gray  C02iper),—{t\y,  i\.  Zu,  Ag,  Ög)*  (Sb,  As).     \Vith 

15  to  43  i>cr  cent.  Cu  ;  those  with  uo  Ag  contain  most  Cu,  wliil* 

in  those  richest  in  silver,  (freibergite,  Wei»»guUigerz),  the    *-'** 

sinks  to  15  per  cent.     The  Hg  varies  from  0  to  17.2  per  cer»*-'> 

lead  and  bismuth  are  seldom  present; 
J      «It 

Binnitc,— Cu'  As'  ?  with  39.3  Cu  ; 

Annivite    (according   to  Kenngott  probably  tetrahedrite,  Daua^»"' 

(6u,  i\,  Zn)'  (.\8,  Kb,  ß'i),  with  39.2  Cu ; 
Fielditc,— (du.  in,  ie)*  (Sb,  As),  with  36.7  Cu; 
Aphthonite  {nf/onife)^—Cn,  Ag.  Zn.  Fe,  Co,  Sb,  and  very  little  'M^ 

contains  33.9  Cu  and  3  Ag; 
Fournctitc— 3   (Gn,    Pb)   (Sb,  As),  with   32  Cn   (Kenngott);  p»"""^ 

nounced    by  Fournet  a  mixture  of  galenite   with   copper      ^^^^ 

(Dana) ; 
Chalcopyrite  {copper  pyrites), — Gu  Fe  with  34.4  Cu ;  Cu  +  Fe  + 

Dana ; 

Emnlcctite,       )      .,   ,-        ^v 
,,,.    .  ,      .,       }   V1IZ0  bismuth; 

WittK'heiute,    \  * 

Stronu'ViTite,  1 

Stvlntvi.ito,  ..     ., 

T  ;     .;  >  vtae  surer: 

Jalpaite,  |  * 


Froibcrgilo  {(hinl-lfs  Wn'.tsgtlUigerz),  j 
StaniiiU',  n'de  tin  ; 

ClKiloo.-itibito  {nu/imotu'ftf  <'opper),—Ön  Sb,  with  Ä4.9  Cn,  but  o*'"' 
tainini;  a  littli'  Fc  and  Pb; 

Cubanitf.    Cu  Kr  -^  •*  I'v,  nr  (Gu  I-  Fe  +  3  Pe^  Dana),  with  22.9  €" 

and  traiv;!  of  Pl>; 
('urrolliti'.  riiir  cobalt : 
\\vk'\nw{.iNfimv/tJi-itpr,-rghHz\.-^,  Pl..  Cu.  Sb,  As,  Fe,  with  29.1" 
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PI>  and  17.3  Cn;  altered  bournonite,  as  shown  bj  Eammelsb*»!!? 

(Dunu) : 
Ciutjlliü,— 4J  (Gn,  Zd,  Pb,  Ag)  S  +  Fe  S'  (Dana) ; 
Bournonite, 
Aikinitf, 

Alinonit«,  ^  vide  lead ; 

Caproplnmbtte, 
Clajile, 
Pulvtjiuite,  viiie  ailrer. 

r  Combined  with  chlorine  in 
Atncamite.— (Ca  CI  -f  3  Cu)  +  3  Ö,  but  combinations  with  6  ft 

aiid  9  H  ako  occur ;  the  Cu  varies  Trom  52.7  to  59.4  per  cent ; 
Tallinpte,— 4  Cufl  +  CuClfi  +  Saq  (Dana) ; 
Perejiitc»  vide  lead- 

/.  As  (wrr  Ai  in 
Cuprite  (incL  chaleotrichiU,  red  copper,  and  lilt  ore),— Ou,  with  88.T 

Cu; 
HelacoDite  {ienorite)t — Cu,  with  79.8  Cu;  in  Vesuvian   lava;  also 
massive  from  L.  Supenor,  with  occusiouuUy  a  little  1^^  Oa,  and 

Si; 

^^Pferschwärzttiom  Laute vberg,— On  11.5  per  cent,  fin,  l?e,  H;, 
Orediifrite,  1 

^«mpadite  (cupreous  manganese),  ]  ™ 

■y-   Combined  with  acidn. 

o.  Vt'ith  sit Ipfi uric  ucui  ia 
Con uelli to,— according    to    Conuell,    contains  Cn,  5",  and  Ou  CI 

<n.ina) ; 
"«^chaiaite,— Cu  S  +  3  Cu  ft,  with  56.1  Cu;  Cn  "B+H  Cu  fi 
,  (l>ana) ; 

^r\  ^itc.—Cn  S  +  3  Cu  ft  +  Ö,  Dana ; 
^.^Ä-»i„trichite— Cu,  AI,  (^e)/g.  ft.  with  38.2  Cu; 
'   ,**•*». Icaulhite  {copper  vitrioU  cyanosUe)y—Cvi  S  +  5  ft,  with  25.4  On  ■ 
"^^^-iiochroite,  vide  potassa ; 


■iiite,  vide  iron ; 
•'  **  «rite,  rtide  lead  ; 

"•^nochalcite.  vide  uranium. 

Ö.  With  phosphoric  acid  In 

Bdomalachite  { pho»phocalcite)i—tn*  P  +  3  Cn  ft,  with  hie  Cu; 
in  tJie  variety  from  Ehl  part  of  the  "P  is  replaced  by  As ;  Dana 
includes  here: 
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Dihydrite,— Cu'  P  +  2  Cu  H,  with  55  Cn,aDd 

EhliU,— (Ou'  V  +  l^)  +  'Z  ÖU  fl,  with  53.3  Cn ;  the  rariety  I'foin 
Ebl  contains,  acconling  to  Bergemaiin,  V  aud  may  be  r^»rcl 

M  Cu'  V  4-  G  [(ÖU'  i*  +  rt)  +  3  Co  U]  (HamineUberg); 

liibethenite,— Cu"  F  +  Cu  fl,  with  63.1  Cu;  Bcrgemann  found   •Ssi 

per  ceut,  Xa;  the  ao-caWcd  pseudolibethonife  has  twice  as  oltx 

Tagilito,— (Cu*  P  +  2  Ö)  +  Ca  Ö.  with  49.4  Cn ; 

Thrombolite,— Cu*  P  +  6  ll?,  with  30  Cu; 
Torbernite,  vide  uranium. 

y.  With  carbonic  acid  in 
Malachite,— Cn  C  +  Cu  Ö.  with  57.4  Cu; 
Axiirito  {bine  nmfiicAiV«),— 2  Cu  C  +  Cn  it,  with  55.3  Co; 
Auricluücit«,  vide  ziuc 

A,  With  arsenic  acid  in 
Clinoclasito,— Cu*  Äs  +  3  Cu  fi,  with  50  Cu,  bnt  a  litÜe  A«  rep 

byP; 
Olivenite,— Cu»  (le.  P)  +  Cu  fi.  with  45.8  On; 
Cornwallite,— (Cu'  Xs  +  3  fi)  +  8  Cn  fi.  with  43.9  Cu; 
Krinitc— Cn*  Xb  4-  8  Cu  fi,  with  41.9  Cu; 
Euchroite.— (Cn*  Äs  +  6  fi)  +  Cu  0,  with  37.5  Cu; 

ChalcophyUite, — (Cu*  3s  -t-  n  fi)  +  5  Cn  ft;  n  vmrying  betwciv» 
10,  and  18 ;  Cn  =  t&J&  to  46L3  pfr  cent; 

liindackent«»— aooording  to  ^indacker,  S  Cn*  2a  4-  l^i*  ?+  T 

(Dan*); 

Chenc-Tixite,— Xs«  SV,  Cn  (^  to  31.7  per  cent.),  Ö  (Dana) ; 

Bayldonitc— (Cu,  Phy  Xa  4-  8  la,  on  =  S18,  Pb  =  30.7  (Dana) ; 

Tywlit«,— Cu*  is  4-  9  fi.  with  C«  C  as  impurity  (Dana) ;  Cu  =Ä5 

Triobalcit«.— Cn*  Is  +  5  fi.  with  34  Cn ;  a  little  F  replacing  Xi; 

Liiw>nii«s-3  [Cn*  (Xs,  P)  -^  18  fi]  4-  8  [il  (P.  is)  4-  IS  fi],  «i^i 
8S.:  C« ; 

OoRwhalcifccs— 8  (Cn,  Ca)*  (Xs,  P)  4-  8  fi,  with  L7  per  oent  V  lad 
tSJOm. 
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'  f.  With  chromic  acid  in 

ranquelinit«,  virU  lend. 

I  ^.  With  vanadic  acid  in 

jpJborthite, — Öa'  V  +  fi,  with  48.5  Cu,  but  not  free  from  öa,  and 

I     therefore  possibly  iilentical  with 

»ÄiwWor/ÄiV,— (Cu,  Cay  V  +  fi,  with  about  36  Cu ; 

*i  leite,  vide  lead. 

ij.  With  tun^stie  acid  in 

jprxwcl  eelitfs— Cu  W  +  2  Ca  W  (Dana). 

I  4.  With  silicic  acid  in 

p:^tftse  TIT,  10,— Cu  Si  +  Ä,  with  50  Cu  and  occasionally  a  little 
3^,  Al,  Ca,  and  ilg; 

P*^BocoUa,  III,  lO  (according  to  Dana  does  not  gelutinizo). — Ca 
Bi  +  2  fii  with  45  Cu.  Many  varieties  contain  Silicat«  and  car- 
bonate of  copper  mixed.  The  so-enllcd  Knpferpecherz  or  Btpn- 
/iVf^z  contftins  much  limonite  as  impurity  in  varying  propor- 
tions. 

^-JQferblau  III,  IG,— Cn,  Si,  and  ft,  with  36.3  Cu,  lielongs  here 
and  includes  Demidoßtet  from  Nischne  TagiUk»  with  31.5  5i, 

6.7  F,  33.1  Cu,  ao.4  Ö  and  some  Jk\  and  Äg  (ynnmann) ; 

^^^phane,  vide  ulumiiiii. 

^-«pper  is  also  frequently  found,  in  addition  to  the  rfguUr  copper 

^^nct,«,  afi  an  accessory  ingredient  of  the  silver  and  l*?ad  product« 
^ftmelling  workB,  when  theores  treated  were  cupriferous.    It  there- 

^^  occurs : 
Metaüin  as 

d  copper^  cement  copper^  and  in  combination  with  other  metala 
as  raw  or  black  copper  ;  m  liquation  discs,  and  r?«i*rf«f«  ;  iu  cu- 
priferous beari{,  which  form  under  certain  circumstances  on  tlie 
Bole  of  the  shaft  furuaces  when  copper  ores  or  products  rich  in 

I  iron  are  smelted;  finally  in  cuprifermis  rare  lead.  Ar  already 
remarked  under  iron,  p.  221,  Pb,  Ni,  Co,  Fe,  Zn,  Mo,  Sb,  and 

1    .  Ae,  may  occur  with  the  coppc^r,  and  occasioniilly  some  Ag. 
b.  Combined  with  sulphur  in  the  various  mails  and  apeissesy  vide 

^n»  p.  2^1  et  seq. 

,  €,  Ab  oxide  in 

^ftp/effflimmer  {micaceotttt  copper)  obtained  in  refining  antimonial 
raw  copper,  and  consisting  of  (Cu,  Si'i)"  Sh  and  (Cu,  ^i)"  Sb ; 
also  in  blue  vitriol  and  in  impure  copperas. 
It  also  occurs  as  suboxide  in  oombinatiou  with  oxide  of  lead  and 
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BxamiDatlon  for  Biimath. 

Including  the  blowpipe  tJta  racier islics  of  the  a^ov^named 
miner  ale. 

a.  Oeneral  examination  for  bismuth. 

Bismuth  iu  alloys,  as  Ibey  occur  iu  nuture  und  among  metatla 
gical  product«,  nmy  be  recognized  by  tbe  coat  afTurded  by  the  aaS 
stutice  alone  on  coal,  and  whicl)  f$  best  obluiufd  iu  R  F.  It 
ie  dark  ormigt'-yt'llow  wliilt*  hot,  Icmon-yellow  on  cooling. ind 
c1iangC£  it£  place  under  tht*  H.  K.,  without  cnU>riug  the  tlunic.  {x  C7. 
When  easily  voIaLiliÄable  metals  are  present  they  partly  }ui88  oC 
|mrtly  in  fumes  and  pttrtly  afibrd  a  euar,  adjoining  tbe  bismuth  coilt 
e.  g.,  telhiiiiiui,  arsenic,  etc. 

bisinuthiferoufi  lead,  which  is  more  or  less  britLle  according  to  (be 
Proportion  of  bismuth,  is  tivuti^d  uloue  on  coal,  until  a  distiuct  unit 
ie  produced,  whicb  is  carefully  scraped  otf,  diss<ilvcd  in  S.  I'li.  oo 
jtlatinum  win;  in  0.  F.,  and  the  colorless  Iwad  ti-eated  with  tiu  ub 
coal  iu  \\.  F.  If  bianuith  was  present  the  cold  bead  is  dark-^Taj 
or  nenHy  black.  Acids  of  antimony,  however,  produce  a  jiimiliif 
reaction,  and  the  mL>tal1ic  (;ompound  ninst  first  be  fri-«!  fratn 
aniiuiony,  if  present,  by  treating  it  for  some  time  on  coal  in  0.  Fn 
und  then  keepin/^  it  melted  on  a  fresh  coal,  until  a  coat  is  forait.4. 
whicb  will  sullioe  for  the  S.  Ph.  test. 

To  vcT'y  infnsibU'  alloys,  containing  nickel,  fur  instance,  stimejini« 
nlver  must  be  added,  and  the  whole  treated  in  It  F. 

When  tbe  bisiuutli  is  combiued.  M-iib  sulphur  a  white   iiMt 
sulphate  of  bitümutli  forma  beyond  tbe  yellow  uout,  Imt  tti 
may  be  prevented  by  adding  soda. 

The  prescuce  of  much  lead  cituses  a  mixed  coat  of  o.\i<Ies  of  h-id 
and  bismuth,  which  cau  hardly  he  distinguished  from  u  pun?  liaJ 
ooat,  und  a  trifling  amouut  of  bismuth  can  tht-n  only  lie  delfct4*<l  bjT 
a  special  lest,  which  may  be  made  iu  two  ways.  The  6ini[>li-it 
method  coublets  in  producing  a  copious  yellow  coat  and  testinj^  iltf 
before  with  iS.  Ph.,  ufti.>r  first  a^ertuiuiug  tlie  absence  of  antimony 
by  a  special  examination  for  that  metal. 

The  other  method  consists  in  rousting  tbe  substance  thoroti^hlTi 
but  cuivfnlly,  on  coal,  to  prevent  ftintn^ing,  fusing  it  then  with  (Iirve 
to  fonr  Tolnmes  of  bisulp)iate  of  polassa  in  the  platinum  spiHjn.  and 
treating  tbe  moss  with  water  in  a  small  ])orce]aiu  dish  over  the  IsTiiph 
until  everything  is  detached  from  the  spoon.  .Sulphate  of  pots«* 
and  other  soluble  sulphates  are  dissolved,  leaving  ueutrul6Ulpha(«of 
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cold  fine  gre«D,  if  not  Cuntiiining  too  little  copper.    The  final  green 
Kdtilt«  from  the  yellow  of  the  nickel  auJ  the  blue  of  the  copper. 

To  di-tect  u  little  coppt'f  in  tin  it  la  tri-tttod  with  successive  partii>n8 
of  S.  Ph.  on  coal  in  0.  F..  until  neuriv  ull  the  tin  is  dqaiatL-d  and 
the  remaining  button  impails  a  bluish-green  C(»liir  to  the  gliws,  when 
&  bit  of  pure  tin  is  added  and  thir  glius  treated  a  »hort  time  in  It  F.; 
fton  cooling  the  bead  becomes  red. 

I     Compounds  of  ctippcr  with  sulphnr  »nd  with  melallic    ^ä^ 
Ivntpbides  are  roasted  at  a  uiodenite  beat  on  coal,  p.  77, 

w^ith  the  O.  F.  and  R  F.  alternately,  until  all  llie  sulphur  is  removed» 
^lud  the  pp.iduct  ia  then  treated  with  soda  iu  R.  K,  yielding  metallic 
psopper^  or  dissolved  in  the  gluss  Siixes  and  tested  fur  copper  with  ti» 
on  coal. 

If  other  easily  reducible  metallic  oxides  are  present,  the  reduction 
lirith  soda  afrords  au  alloy  of  copper  and  other  metals,  which,  if  not 
iu  one  button,  may  be  obtained  by  wuslting  uway  the  slag  and  coul  iu 
the  mortar,  and  is  then  refined  with  lead  sind  boracic  acid  nn  coal, 
Ji.  442,  provided  it  coulmus  no  lead.     When  it  is  desimhle  to  avoid 
relining,  the  alloy  may  be  8imi>Iy  tested  fur  copper  with  borax  uud 
S.  IMi.  as  above  described  under  nu'tallic  conipunuds.     In  case  mily 
sefMjuioxide  of  irun  is  present,  the  reduction  does  nnt  affoi-d  un  alluy, 
bot  the  cop|K;r  and  iron  are  obtained  apart  and  can  be  clearly  dis- 
tinguished after   washing,   by  the  aid  of  the   magnifier  and   the 
magnet.      The  presence  of  biuoxide  of  tin.  as  iu  ruasted  stannite, 
causes  a  white,  brittle  alloy,  which,  treated  for  eome  rime  beside  an 
8.  Ph.  bead  in  0.  F.  on  coal,  renders  the  bead  red  and  opiupie  on 
cooling. 

Should  the  roasted  substance  contain  other  coloring  oxides  besides 
oopiKT,  excepting  those  of  bismuth  and  antimony,  it  will  always 
yield  the  copper  reaction  as  well  as  the  other  reactions,  if  dissolved 
in  the  fluxes  in  O.  V.  and  then  treated  with  tin  iu  K.  F.,  uulesi  there 

I  is  too  little  copper.  In  presence  of  much  bismuth  or  antimony, 
however,  the  bead  treated  with  tin  Iwcomes  dark-gray  to  bliu'k  on 
cooling  and  the  red  c<ipj)er-color  is  entirely  concealed.  When  tbeiv 
ia  but  little  bismuth  or  antimony  the  head  fre<pieutly  becomes  only 
brown  ist) -gray.  If  a  gray  or  black  bead  is  obtained,  the  roasted  sub- 
ataace  mutit  be  fused  in  It  F.  on  coal,  with  a  mixture  of  nxla,  borax, 
and  teilt  lead.  The  resulting  buttou  is  then  treated  alone  on  coal,  to 
volatilize  the  autimony,  and  afterward  witl]  Itoracic  acid,  until  either 
ptir«  copper  button  remains,  or  all  is  dissolved  and  the  copper  has 
imparted  a  blue,  green,  or  red  cidor  to  the  bonicic  acid;  or  else  the 
copper  buttoi ,  afli-r  being  Cieed  from  most  of  the  lead  and  bismuth 
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hj  meanH  of  the  boracic  acid,  is  te8t«d  with  S.  Ph.  aid  tin  w 
above. 

Wheu  tt  substance  cousistiug.  for  iustance,  chiefly  of  salpUide  t»f  I 
irüti,  contains  bo  little  ci>p)ter  that  it  yic-lds  no  i-c-action  with  Uiru 
or  S.  Ph.  aud  (iu.  a  larger  4uantityj  atxmt  ouo  hundred  uiilli^r.,  niii«i 
be  roasted  as  iu  the  quantitative  copper  assay,  theu  mixed  with  usj 
equal  amuunt  uf  sudu  und  half  as  much  burux,  and,  in  tin*  abunce 
of  easily  reducible  nu-tallic  oxides,  witli   Lhirty  lu  titty  milligr,  tr^t 
lead,  after  which  the  mixtuiv.  is  rfduced  as  in  the  quatiütativeiMT. 
All  the  copper  is  cüutikined  in  the  resulting  buMou,  which  id  »)*• 
rated  from  the  slag  and  cttu   be  further   treated  f*»r  copper  vith 
burucic  acid,  aud  theu  with  S.  I'h.  and  tin.    In  place  of  the  tend  i 
bit  of  pure  gold  may  be  einpluyed,  which  is  afterward  tutted 
copi»er  with  S.  I'h. 

Tlie  oxides  of  copper  can  be  very  easily  recognized  by  te^tiug  ' 
the  glass  tluseä>  aud  by  rt-ductiou  with  soda  or  ucutxal  oxalat«  or 
potassa,  p.  1U3.     When  other  metallic  oxides  or  acids  ai*e  alii«)  prcftnt^j 
as    iu    various    metallurgical    products,    the  remarks    under   ina 
p.  224,  lire  to   be  borne  in  mind.    Antimony  may  be  rvcujrnitöil 
l^rlly  by  its  coal  on  coal  and  partly  by  the  black  bead  afforded  wit! 
S.  Ph.  Hud  tin. 

auiurcf  HIM]     "^''^  silicates  and  other  aalt»  of  copper  dissoWe  iu  0.  ] 

ounrMiiP.   jjj  (^j^g  glasa  flaxes  to  green  beads,  blue  oo  oouliug,  if 
from  other  coloring  oxides.    The  greater  part  of  the  siL'e^i  rcmau 
undis!-t>lvcd  iu  S.  Ph.    Treated  with  iiu  ou  coal  the  beads  beeoiac 
red  and  opaque  on  cooling. 

To  obtain  metallic  copiwr,  sulphates  and  arsenates  must  first  be 
thoroughly  roasted  ou  coal,  and  the  product,  as  wcU  as  the  renudu- 
iug  («alts,  then  reduced  with  soda  uud  Iwrax,  when  the  vopjivr 
generidly  unites  to  a  single  bnttou,  while  the  difficultly  redm-ible 
oxides  are  dissolved  in  the  borax.  PhoaphAte  of  copper,  howrrrr. 
only  yields  the  whole  of  its  copper  when  a  bit  of  very  fine  iron  wire 
is  added  to  reduce  the  phosphoric  acid. 

When  a  compound  of  sulphate«  or  arsenates  of  copper,  nickel, 
cohiiU^  and  seMtuioxidc  of  iron  is  roosted,  the  sulphur  is  volutilized« 
but  part  of  the  arsenic  n^^muins  us  arsenate  of  nickel,  and  when  the 
roasU'd  subsiauce  is  ivduced  with  suda  aud  borax,  cupper,  nickel, 
and  arwuic  unite  tu  a  fusible  button,  while  the  oxidt-8  of  co  Mill 
iron  dissolve  iu  the  burax.  If  the  nduced  button  contains  cupjierJ 
will  at  once  im}Mrt  to  1^.  Ph.  in  O.  F.  a  gi-een  color,  becomiug 
what  lighter  on  cooling  and  due  to  nickel  aud  copper.  The 
mav  further  be  tested  for  with  tin 
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Tlie  mliojtide  of  copper  iu  dags  cuknotbevMÜjr  detect  by  i 

|if  »cda  aod  £.  Pli^  cicf-pt  in  copper  rvfiuiog  wlagi,  bcflftBse  it  Sanaa 
llif'Hi'.ütly  a  rery  triSiug  iogredient,  «ad  üw  main  amäätneaU, 
fvltirii  «rv  stlicateä  of  tbe  earths  and  difficnltlr  redodble  metoHiB 
tidflL  uoncval  the  copprr  rtactiun.  U  »  tbcn-fure  mlnjt  aecüMur 
'miuce  tbe  «tu^  with  soda  ou  ouaL  Should  no  copper  he  ifaoi 
urittl,a  largur  <{uaLrity,  oDe  bandred  milli^^  mtut  be  trested 
)»m]metc^  a5  direct^  Tor  the  rvMMted  sal^de,  p.  2M.  Should 
vrtthiag  be  dUAoIvcd  in  the  boracio  acid  a  T«rj  small  «quantity  of 
■■>p[vr  m«y  only  produce  a  red,  hlne,  ur  green  color  at  tbe  spot  irh«-r« 
liwi  uf  the  Itud  wiu  dissolTcd,  but  if  there  is  one  per  wnt.  of 
iu  the  filag  aud  the  boracic  acid  is  treated  with  tbe  R*  F. 
the  lead,  only  the  latter  will  be  diiaoked  and  the  copper 
nuiu.  lihüwiQg  while  mL'ltvd  itfl  jieeiiliar  blnisb-green  color. 
^tK*  0.  F.  is  thc'U  dJn:*ct«d  upoo  the^  copper  it  will  oxidize  aud 
l^^r  the  whule  hi^  red,  frum  8Dboxid&  When«  the  rt-tnaitiiug 
tttoQ  dues  not  seem  to  be  pare  copper  it  is  fused  beside  S.  Ph. 
1 0.  F.  and  the  colored  bead  treated  with  tin,  as  abore. 
Ill  the  furctrps  cupriferuuä  miot*raIa  impart  a  green  tinge  b»  the 
»e.  which  is  luure-blut:  in  prtrseuco  of  cbluhne,  but  afterward 
^'in.-s  grc<;u.  When  much  Kiid  ie  aleo  present  the  flamv  is  blue 
[^  a  green  tip.  Should  copper  not  be  thus  simply  detfctt-d  it 
I  fuuDd  by  moistening  the  substaoce  first  with  hydrociiloric 
I  when  the  re^uUing  chloride  of  tapper  affords  an  azure-blue,  or 
^'ni^h,  aud  iu  oertuin  cases  reddi^li-blue  color.  Silicates,  «.  ff. 
,  must  be  fiuely  powdered,  moistened  with  hydrochloric  acid  in 
'»rctlüin  disli,  diied  over  the  flume  the  powder  stirred  to  u  thin 
''«  with  wah'r  atid  then  fused  B.  U.  on  plutiuum  wire^  when  the 
i-blae  color  will  appear,  if  copper  is  prt-sent. 


d.  Bluwpipe  dtaracierigtics  of  ihe  foregoing  cupriferou» 
mineraU. 

^eiaUic  copper  fuses  to  a  bright,  bluish-green  globule,  which  is 
«red  with  black  oxide  on  cooling.     In  0.  F.  sliows  oxide  of  copper 
ins  with  tbe  fluxes. 


AESENIDE   OP   COPPER, 


IkibiByitt^  aigodoniie,  and  dovtegkit«  yiuld  no  sulilimat«  in  tb« 
losed  tubt^     On  coal  they  fus^e  readily  to  a  bright  globule.  CTolve 
iical  fumes,  and  tlicn  react  for  cojt|K-r  witli  the  fluxes. 
Unidtirrih    at  tirst  yields  water  iu  the  matradti,  then  arseikous 
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»old,  aud  usäumca  on  ibo  Burface  a  silver-white  color,  inclininjl 
bluish.     In  the  open   tube  yields   ar&L'iiuus  acid.     On  coal  fa 
«wily,  evolves  a  etroug  areenic  odor  and  yields  a  yellowish,  meti 
moBB,  which  reacts  weakly  for  iron  with  boi-ux  in  K.  F.  and 
ihows  copper. 

SELESXPSS. 

ßerttiUanite  fuses  readily  to  a  gray,  somewhat  sectile  button  ind 
evolvi's  an  odor  of  floleuiuiii.  In  the  ujk'U  tube  a  red,  pulverukal 
subliuuite  of  gelenium,  bordered  by  a  crysuilliue,  easily  vulaulc  su^ 
linuite  of  »i'lenouä  acid.  Uoosted  and  ivduced  with  soda  it  yU 
oupjHT.     (Iterzelius.) 

^kHhup/erfjuccksiloer  \k\d6  iu  the  matrass  mercun'  and  seleni« 
and  at  a  strong  heat  Rulphurons  acid  can  be  detectod.    On  outl 
votiitiliscs,  aObrding  a  strong  ooat  »ud  odor  of  selenium,  and  leaVrt 
trilling  residin;.  ^  By  reductitin  aQui'dä  traces  of  coi)per  und  ir«.«». 

Crookesite  fuses  very  readily  to  a  giveoish-black,  sliiniug  uuumdi 
and  colors  the  flahie  strongly  gret^n.     (Danu.) 

OOPPEH  COUBtKED   WITH  SULPHUR  AKD  WITO   OTHRB  StarHItt» 

ChalctKitr  yields  nothing  in  the  closed  tube;  iu    the  ii|K'U  tul* 
sulphuMus  acid.     Ou  conX  fuses  readily  to  a  gKibnk*.  which  spii 
and  evidves  sulphurous  acid.      The  powder  reduced  with  neiitJ 
oxalate  of  {K>Uisäii  yields  copixr  and  sulphide  of  (lotaaaiutii.  wbij 
sinks  into  the  eoul  and  is  stnuigly  hfpatic. 

Di^rnift  yields  traces  of  water  and  u  sulphnr  soblimat«  in  tho 
<doMd  tnbe.    Ou  coal  yields  some  sulphur,  oiherwi^  likt*  dialeociti 

CbvfUi/«  yitdds  traces  of  water  and  much  tüulphur  in  theclu 
tnbo.     Iu  the  open  tub«  snlphurous  acid  and,  if  qaicklyl 
sulphur,      Ou  coal  burns  with  a  blue  flame,  then   behaves 
chalcvicite. 

BvthU*  only  becomes  darker  in  the  oloeed  tube ;  in  tb«  open  ti 
yields  sulphurous  acid.     On  coal  fnses  eüsir  to  a  brittle, 
globule,  with  grnyt4i-red  ftucture.    The  ruosted  powder  yields  i 
«lad  cupiwr  redu'tiuus. 

TVniMA/ii«*  dtMiu-timt'e  decrepitalM  slightly  in  the  ckwed  tube  and 
TmMs  snlphide  of  arsi^uic.  Iu  tb«  open  tube  yiekU  «nlphnrous  and 
«nmooaacida.  On  c^ial  fVt3««ruJly,  with  inlam««c«>noe  and  erolit* 
lion  of  salfdinr  and  ararric  ftim^  U^  a  dark-grsy,  mimetic  glo 
The  rottiaed  |vwd«r  rvac  s  for  in»  and  copper,  and  by  redt: 
yields  to^^r  batti^ns  and  BortaUic  iron.  Xo  ooat  is  prrrrptibl»! 
th*OünL 
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rhUnfip^  from  Jnnge  liolie  Birko  and  Alte  Itordgrube,  near 
%  di'crepituU-g  very  struugl}'  in  the  closod  lube  and  viL»ld*  a 
ilphur  and,  at  a  higher  heat,  sulphide  of  HrM-iiic.  Od  coa] 
üDuntitc,  bnt  is  dUtingnished  b^  affording  a  oout  of  arsoiuma 
^with  R.  F.,  an  abundant  zinc  coat.  Roasted  in  ])owdcr  it 
■.<:opper  and  iron,  aod  by  a  reduction  assay  affords  a  strong 
Vt,  U'hilä  copper  and  iron  remain  aftor  the  couly  mattors  are 

away.  Ui>ou  separutiug  the  iron  with  the  magnet  and 
jg  thu  copper  with  lejui,  a  little  wlver  is  obtained. 
■^!7e  decrepiUti'S  with  stome  violenoe  in  thn  closed  tulH' and 
tsulphnr  eubliiuule  at  u  gcMitle  heat ;  more  strongly  heated  It 
1  a  bniton,  and  sulphi^U-  of  arsenic  is  given  ofl".  In  thjj  oiwn 
re  powder  yields  Butphnrous  and  arsenntis  acids,  the  latter 
1  with  oxide  of  antimony.  On  c«al  the  powder  fust-s  readily 
>bnle  and  affords  slight  coats  of  arsenous  acid  and  oxides  of 
ay  and  zinc 

(ilverizing  and  roasting  this  globule,  diftsoKing  it  in  borax  and 
,g  out  ttie  ctip|>er,  a  little  irun  may  be  detected  by  th«-  greenish 
^e  borax  glass  in  R.  F.  and  the  yellow  color  assumed  by  it 
Bd  again  in  0.  F.  on  platinum  wire. 

mrdfite  and  homkhlin  yield  a  sulpbtir  atiblimate  in  the 
«be;  otherwise  like  bornite. 

fhftiriie  Bometimeg  decrepitates  in  the  closed  tube,  fnses,  and 
f  heated  B.  B.  yields  a  dark-red  sublimate  of  sulphide  with 
if  antimony,  or  sulphide  of  arsenic,  or  a  mixture  of  both, 

Bg  as  ifb,  Is,  or  both  together  are  present    A  low  red-heat 

to  jjrodiio;  a  dark-gray  to  black  sublimate  of  ilg,  if  present, 
e  open  tulw  fuses  and  yields  copious  autimouous  fnmeä  and 
vus  acid,  freiiaently  also  ui'senous  acid ;  the  residue  is  black 

^blc.  If  Hg  is  present  a  mirror  of  mercury  forms  before 
isiderable  antimonous  fnmes  appear;   by  too  rapid  heatiug 

[g  i&  enblimed. 

oal  fusee  readily  to  a  globule  and  yields  a  copious  antimuny 
lile  with  a  gitod  R.  F.  a  second  eoat  is  formed,  yellowish  while 
on  cooling,  and  ghuwiug  ziuc  with  cobalt  8uhiti'>u,  p.  2^2. 
of  lead  this  cannot  always  be  detected.  Arsenic  is 
by  the  uilor,  unless  in  too  small  quantity,  when  some 
tu(  be  mingled  with  the  powdered  mineral  and   the  whole 

rF.  Tito  sulphur  is  thus  kept  back  and  thearseuic  alone 
The  globule  remaining  after  treating  the  mineral  alone 
is  pulverized   "uasled  aud  tested  with  gU^s  lluxee»  utid  with 
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«oda,  M'lien  it  yields  ifactious  for  ii'ou  aud  copper.    BeducUoo  wit! 
Boda  und  borax  somutimcä  uttords  uicouliterotid  copper. 

To  detect  a  very  little  mercury  it  may  be  ncoeasary  to  heat  (he  f 
powder,  mixed  with  three  volumes  of  dry  soda,  or  ucutrtd  üxalited 
potassu.  in  u  iiiutrasa.    Silver  is  fuuud  by  an  uasay  with  U'Sl  K-«d,i 
quail tiiuuve  silver  assay. 

Binnite  yields  in  tiio  closed  tube  suljiliide  of  arsenic,  in  the 
tube  äul)>Uuruuä  aud  arseuous  acids.     Ou  coal  yields  un  arsenic 
and  odui'.  and  fust^-a  with  spirting  to  a  black  globule,  surroantJtil  I 
a  ^cinc  coat     With  the  Üuxes  gives  eup|>cr  reactions. 

Antu'vitc  beliuves  like  plumbilVrons  tetraliedrite;  bismuth  cma 
be  found  by  tlu*  uet  way. 

I'\eUiiU\  probably  like  euargite  wiih  auüinony  predominating. 

AftOHite  like  argentiferous  betrahedrite. 

Fonrnetiie  like  plumbifcruus  tetnihcdrite. 

ChftlatpyriU  deorepitales  in  the  clo^  tube,  yields  sulphur  vA 
becomes  dark  or  laruisUed ;  in  the  open  tube  evolves  sulpliotom 
acid  eupiutisly.  Fuses  un  coal.  &]<irlihg  and  thruuiuf^  ulf  ifpHrks.U) 
a  bluck,  rougli,  niugiii'tic  glubiile«  with  a  durk-gruy  t'ruulurtL  Wdl 
roaer^  givt^s  iron  and  copj^r  reactions;  by  rtductiun  with 
yields  iron  and  copper. 

Chalw«tibite  decrepitates  in  the  closed  tubey  fuses,  and  at  alttgb 
heatyiflds  a  little  sulphide  of  autimouy.  In  ihv  open  tube  e^-oM 
sulphurous  acid  and  copious  aiitimonial  fumes.  Ou  coal  foKi 
readily,  with  evolntiou  uf  aiitimonial  fumes,  lo  a  globule,  wliidi 
tested  with  borax  shows  iron.  The  remaining  globule  yields  uopptl 
with  soda. 

Cubamip  yields  truces  of  sulphur  in  the  closed  tube;  in  the  opdl 
lube  sulphurous  ucid.  Fuses  readily  on  coal,  with  evitkiiion  «f 
sulphurous  fumes,  to  a  magnetic  globule.  Lend,  if  present,  prth 
duces  a  feeble  coat  Boasted  in  powder  it  yields  iron  and  cuppor 
reactions  with  the  fluxes,  and  metallic  iron  and  copper  by  a  rvdoo> 
tiou  assay. 

WOlchite  yields  some  water  in  the  matnissund  ftises  witli  evolutiM 
of  sulphur  und  sulphide  of  arseuic,  to  a  rt-ddisli-brown  sooria.  (te 
coal  fu.Hc'd  with  ebullition  and  de|>06its  auttmouy  and  lead  coat^  whül 
a  lead-gray  metallic  button  remaius,  which  after  roasting  yields  whk 
Bodu  a  uuppcr  buttou* 


COrPER  COMBIIfED   VTVtYl   CntORtXK. 

Atftcnmite  in  the  closed  tube  yields  water  rnlhcr  abundantly  »od 
gives  u  gray  sublimate,  becoming  grayiah-wbile  on  cooling.    Fwü 


OOPPSR  OXIDES. 

at  affording  lui  azure-bluo  Üamu  with  a  greon  tip,  auilp^ves  two 
jts,  oue  brownisli  autl  onegraviah-white.  It  is  reduced  to  u  cnp|)et 
ttoD,  surrouuded  by  tome  slug.  Under  R.  F.  the  coats  cbauge 
IriKwition,  and  show  the  uzure-blue  Üame  of  cbluhd«  ot  copptr. 
ferciflite  decrepitates  iu  tbc  closed  tube  uud  wben  gently  lauted 
fames  a  trunseut  greeu  color;  little  water  is  ubtuiued,  and  the 
keral  Giiully  riidt-a  tu  a  browu  fluid.  B.  B.  in  tbe  furcepü  in  0.  F. 
ka  a  green  äame  with  a  dark-blue  tip ;  on  coal  in  1^  F.  alone,  or 
B)  sudiL,  uffurda  cuppur  und  lead  buttoua. 

faiiittffite  and  connellite  would  undoubtedly  show  the  chloride  of 
'  llarae  [TrausL] 

OXIDES  OF  COPPER. 

sprite  in  the  forceps  Fiiseä  and  colors  the  flame  emerald'green ; 
ibteucd  with  hydrochloric  acid  yields  an  oziire-btuc  flume.    On 
t  bUickeuK,  fuses  and  is  i-eduet.'d  to  copper,  which  ia  cuait'd  with  a 
b  6lm  of  bluok  o^cide  on  cooling. 
)(elaconite,  like  oxide  of  copper,  p.  102. 

Tvpfer$chwärze  sometimes  }'ields  luuoh  water  in  tlie  niutrasa. 
peou  coal  la  reduced  to  a  cupper  button,  fre<|ntutly  surrounded 
[slog.  With  the  fluxes  afiurds  reactions  fur  coppL-r,  iron,  uud 
bganese. 

OXIDE  OF  OOPPKR  COUUIKED  WITQ  A0ID8. 

]ilphate8  of  copper  behave  as  follows : — 
in^i/fl  yields  water  and  sumetiuu'S  blackens  in  tbe  matrusa. 
hen  powdered,  mixed  with  charcoal  dust  and  strongly  heated  in 
i  closed  tube,  it  evolves  sulphurous  acid.    On  coal  is  reduced  with 
jfvescence  to  a  cop|>er  button. 

M2ny]'/ff. — B.  B.  on  coal  yields  water,  acid  fumes  and  nu-tullic 
|Kt.     Heated  it  becomes  bright  green,  losing  one  equiviilent  of 

Er,  then  various  tints  of  olive-green,  and  lastly  black.     It  ha», 
Iv,  a  strong  acid  reaction  (Dana). 

mlmnthite  swells  in  the  matruss,  yields  water  and  whitens. 
kn  mixed  with  coal  dust  and  heated  in  the  closed  tube  it  evolves 
pdurous  acid  copiously. 

it  colonj  the  flame  green,  fuses  and  is  redncsed  with  efferw 
I  to  a  cop|>er  button,  coated  with  sulpbide  of  copper.     When 
^nsted  reacts  fur  copi)er  and  sometimes  iron  with  the  fluxefl. 
Bc»da  yields  co]>|)er. 

I  blowpipe  churactensticH  of  cynnotrkhite,  pimnile  and  cyanO' 
'^4  are  not  known,  but  may  be  readily  inferred  from  their  con- 
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Among-    the  phott/thaten,  pseudonmlnchit«,  dihydritvt,  d%Uit^ 
liöet/ienUe  behuve  aa  fuUuwä: 

la  the  matraed  they  yivld  water,  blacken^  und  sometiDies 
tato  ir  quickly  heated.  After  igtiition  in  the  matnisA  n  fniLTn  f 
heated  iu  the  forceps  fuses  without  coloring  the  tlame  perctpubtj^ 
the  fused  globule  is  black  and  hae  a  cryetalline  sarfAcc.  (rnuli 
heated  on  coal  (in  |>owdei  ?f  they  decnpitute)  they  blocV' 
to  a  button^  wilh  a  cope  of  metallic  copper,  AVith  the  _ 
they  reaot  like  oxide  of  copper.  A  sofficietit  quantity  of  lodl 
causes  their  reduction  to  metul  iu  a  strong  Same,  but  with  a  litlb 
soda  they  swell  up  and  fuse  to  a  globule.  This  pheuoineDoU  )l 
re(>eated  on  each  ftesh  adtlition  of  «tda,  until  fimilly  a  swulleii  dua 
results,  which  only  fuses  in  u  simng  (lame,  spi-eads  out,  einks  nio»tl? 
into  the  coal,  and  leaves  metallic  copper.  Arsenic  acid  nu«  ^ 
detcctcil  in  some  of  them  by  fusion  with  S(xliu 

Berzelius  ])a8  prujK>8ed  a  test  fur  pliui^phuriv  acid  iu  these  niiitunilh 
founded  upon  the  peculiar  behavior  uf  phosphate  of  cup[nr  «iA 
metallic  IcwI.  When  to  tlie  phopphnto  fused  on  coal  an  ^-^ifl"! 
vuUuno  uf  lead  is  added  and  the  whole  melted  together  for  souivlioK 
in  a  good  äame,  the  copper  separates  as  metal,  around  which  U  I 
fluid  ma&ä  of  phosphate  of  lead,  which  is  crystalline  wIumi  cold.  IT 
the  meiallio  button  is  Sfparated  from  this  new  cum|K>uud  ami  tbe 
latter  treated  alone  in  R.  F.,  a  perfectly  round  bead  finally  ivsaltii 
whicrh  (III  cooling  crystallizes  wiLli  large  facets  and  usuuUy  ha^ a rtd 
color  (öu).  This  behavior  sliows  (hat  phusphorie  ucid  has  a  gmWrf 
affinity  for  oxide  of  lead  than  for  oxide  of  copi>er. 

Tatfilifff  probably  like  the  preceding. 

Tftfomboliic  yiaUU  much  water  and  blackens  in  the  maira?&  ll 
the  forceps  fuses  easily,  coloring  IIh*  flame  at  lirst  lusure-hlue.  pntbt- 
biy  IVum  chloride  of  copper,  but  afterward  emerald-greeu.  On  w«l 
fuses  easily  to  a  black  glolnile;,  which  finally  spreads  out  and  slio« 
metallic  copper  buttons.  With  ghiss  fluxes  gives  only  cupper  rauv 
tiuiis;  with  buracie  acid  and  iron  affords  phosphide  of  iron. 

The  varbotifttea  of  copprr  behave  oa  follows: 

}fahuhitt  and  azurite  yield  water  and  blacken   in  the  nuti 
Fuse  to  a  hnttoii  on  coal  and  are  reduced  to  metallic  oop]wr.    M 
the  fluxes  behave  like  oxldo  of  copper,  and  dissolve  with  cfforrcf 
pence  in  hvdixjcliloric  acid. 

The  nt'snitifen  l)ehave  as  fidlowe: 

f^inoi-lfUtifr,  from  Cornwatl»  yields  a  little  water  in   tne  mri 
and  Itehares  like  olivcuite. 

OUwuite  }nelds  £omc  witter  in  the  matrosa.    In  the  forcrps  fal^ 
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to  a  globule  and  colors  tbo  flamo  V>]uisfa-grceu.    On  eooliug  it  hu  a 

crvelallinc  appi'uranw.     On  coal  it  fiisi'g,  wiih  dtfltigmtiwn  atul  I'vo- 

Dliou  of    urstnioal   fumes,   t<i  a  sumewliut   brittle,  brow n-mttal lie 

iobule,  with  a  white  fracture,  which  treatfd  with  lead  yields  the 
pbosphoric  acid  reaction  described  on  p.  300.  The  detached  button 
if  If  ltd  and  copper  leaves  pure  copi>er  when  titatedwiih  boracic  acid, 
.443. 

CoruwaUiie  yields  Wftler  in  the  inatrii&s.  On  coal  evolves  araeui- 
funteä,  and  fuses  to  a  gliibiilo  of  copper  surrounded'  by  a  brittle 

ist. 

Erinite  freqnoutly  decrepitates  very  strongly  and  yields  much 
Bter  in  the  nmiraä?.  On  coal  in  powdi-r  is  reduced,  with  erolntion 
if  aräfuical  fumes,  to  a  brittle  glohiilf  with  a  grayish  fmcture^  whieh 
1  O,  F.  affords  pun-  cupj>er.  In  presence  of  phosjihoric  acid  a  tri- 
iTkg  crystalline  slag  remains  with  the  coppi-r. 

£vr.hruUe  yields  ctiugidcnible  wattT  aiul  asenmes  a  darker  g^reen 
'J  the  niutrassj  otherwise  like  olivenite. 

C'haicopfiijllite  decrepitates   very  strongly  in    the  matrass,  yiidds 

ucli  water  and  breaks  into  fine,  ulive-C()loi*ed  scales.     On  coal  Uk« 

iveiiitf. 

TyroUfe  decrepitates,  yields  considerable  water  and  blackens  in 

*  tnatrnss;  the  as^ay  afterward  fuHea  to  a  steul-gray  bead  in  the 

»•ecps.  On  coal  evolve»  arsenical  fumes  and  fusrs  to  a  gray  gcoria. 
*"  which  copper  globules  arc  formed  by  U.  F.  After  reducing  out 
**^1  ihe  copper  with  borax  and  soda  and  then  dissolving  the  slag  in 
**yilruehloric  acid,  considerable  lime  may  he  detected  by  adding 
pXnIic  acid  to  the  solution,  after  it  is  made  ammoniacal.     The  lime 

t*8  present  as  carhonate,  as   is  shown  by  the  effervescence   of  the 
^ioeml  with  warm  nitric  acid. 
TricJudcite  behaves  like  coruwallite. 
Lirot'oniU  yields  much  water  and  becomes  dark  olive-green  in  the 
instrasB.    In  the  forceps  fuses  and  colors  the  flame  blnish-green.     Ou 
coal  fuses,  wflh  formation  of  bubbles  and  evolution  of  arsenical  ftimes, 

I  to  a  dark  brown  slag,  which  contains  copper  globules  and  with  boras 
■nd  soda  affords  an  arsenical  copper  button.    In  the  stag  alumina, 
partly  combined  with  P.  cmi  be  detected. 
Conirhakite  decrepitates  strongly,  yields  water  and  blackens  in  the 
inatraes.    On  coal  deflagrates  evolves  a  «light  arsenic  oilor,  and  foniifi 
a  red  6hig.  which  has  an  alkaline  reaction  on  litmus-pafK-r.     In  thc 
^H  forcfps  foseSj  coloring  the  flame  at  first  strongly  green,  but  aftirwai-d 
^Prnly  green  at  the  extremity,  while   near  the  a.«say  it  has  a  feeble, 
light-hlue  etilor.    With  bomt  in  0.  F.  a  yellowish -green  bend,  bine 
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on  couling.     Witli  S.  PIi.  and  loud  on  eoal  in  R.  F.  afTordä  u 
darlc-jellow  while  liot  and  chrome-green  on  cutting  (vanaUic 
With  soda  on  coal  in  R-  F.  effenrcaces,  evolves  arsenical  ftim« 
fuses  to  a  globule  ;  on  longer  blowing  atTurds  a  copper  bnuon 
vhite,  earthy  mass.    Lime  and  phosphoric  acid  may  be  detected  I7 
the  wet  way. 

Vanadates  of  copper^  volborthite^  and  A'alkvolhortfnl  yield  v$m 
and  blacken  in  the  matroM.  On  coal  yield  a  black  ging  contaJniiii 
copper  buttons,  and  if  reduced  with  soda  afford  copper.  'W'l-l^  m' 
fluxes  give  copper  reactions  The  vanadic  acid  ia  found  actcüpü 
to  p.  339. 

Cuprosehe^ite  blackens  in  the  closed  tube,  and  gire?  off  tüi 
B.  B.  fuses  on  the  edges  to  a  black  glass  ^"d  colors  the  flame  a 
intense  green.  On  charcoal  blackens,  fuses  with  a  little  inttimr^ 
ceDce»  furmiug  finally  a  slag  containing  minute  particles  of  niniallie 
copitcr.     With  fluies  gives  copper  and  tungsticacid  reactions  (Diai^ 

The  eilicatos,  dii'pfu.te,  and  chrysocoUa  yield  water  and  blacken  in 
the  matrusa.  In  the-  forceps  are  infusible,  but  color  tJie  (Uoe 
intensely  green.  With  the  fluxes  yield  copper  reactions,  nniiwiti 
S.  Ph.  a  silica  skeleton.  On  ci>al  they  blacken  in  0.  F.,  become  red  in 
B.  F^  and  with  tuy^w  in  R.  F.  yield  copper  bnttoa& 

c  MciaUurgicdl  products. 

The  method  of  examining  metallnrgical  products  for  copper  miy 
be  inferred  from  the  general  remarks  on  ppt  202  and  293. 

13.  ATkrcuby,  Hg. 

Us  occurrence  in  the  mineral  kingdom  and  in  m^aUur 

products. 

Mercury  occnrs  under  the  following  circumstances  in  rutore: 

a.  Metallie  in 
Native  mercury, — Hg,  sometimes  containing  Ag; 
Amalgam,— Ag  Hg",  with  73.5  Hg  and  36.4  Ag;  Ag  Hg"  with  1 

Hg  and  35  Ag ; 
Arquerite,— Ag*  Hg,  with  13.4  Hg  and  86.6  Ag. 

b.  With  »elcuium  in 
riemunnitc,  from  the  Upper  Hartz  and  Tilkerod*»,— Hg  Se,  wKi 

71.6  Hg.  Kerl,  however,  after  removing  slight  admixtures  of 
pyrite  and  quartz,  found  in  the  reinuitnng  pare  compound  742 
to  75.1  Hg. 
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Selen  ide  of  mercury  also  occurs  in 
c^lirhachitc,  vide  lead,  in 
S^Unkupferqueckm'll/fr,  vidt  copper,  und  in 
nofrik  trom  San  Onofre,  Mexico,— Hg  Se  +  4  Hg  S,  with  83.8  Hg. 

S»!lt*niU»  or  Biibi)xi(]e  i>f  mercury  also  occnra  in  thia  locality. 
c,  Conibined  with  etilphur  in 
Jinnal^ar, — lit;  with  8G.3  Ilg,  but  not  always  quite  free  from  foreign 
subaUnce«.  viz.:  Gu,  IV,  flu.  and  earthy  matters ; 
Qepatic  cinuubar,  a  mixlure  of  ciutiabar,  Cual,  aud  earthy  matters; 
Mercurial  tetrahedritP,  vide  copper. 

rf.  Combined  with  cithnn«  iu 
Calomel  {horn  ^«i>*Äi7wr),— Ilg"  CI,  with  85  Hg. 

0.  Combined  with  iodine  (?)  ia 
Coccinitfi  from  Mexico. 

/.  With  antimonic  acid  and  sulphur  in 

^Ammiolite, — S"b,  Cu,  Ög  (19.9  to  33.6  per  cent),  S,  fi,  and  quart»; 

»supposed  to  be  a  mixture  (Dana). 
Mercury  also  forms  an  iugredient  of  certain  amalgamation  pro- 
dacts  and  residues,  including:  gold  and  silver  amalgam  ;  unwitshed 
amalgrtfitafion    rettidues,   wliieh    frequently    contain    finelv-diviiled 
amalgam  and  ftttbchioride  of  mercury.     Wlien  the  orescoutuin  Jead 

Por  capper  the  residues  may  often  contain  a  little  lead  and  copptir 
amalgatn. 


I 
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Sxunlnatioa  for  M*roiiry, 

Tnctuding  the  blowpipe  characteristics  of  the  foregoing  minernh. 

a,  Oeneral  examination  for  mercury. 

Compounds  of  mercury  with  gold  and  silver,  includin;?  nnfit^e 
and  artificial  amalgams,  vknH  also  residues  not  yet  purified  from 
lUvor,  copper,  and  leAd  amalgam  by  washing,  are  heated  over  che 
spirit-lamp  in  a  mntrass  formed  by  blowing  a  bulb  on  the  end  of 
a  ghus  tube,  Fig.  74.  Generally  a  bit  of 
amalgam  as  large  as  a  millet-seed  will  suffice, 
but  in  case  of  the  residues  from  amalgamation 
the  bulb  sbüuld  be  at  least  liulf  tilled.  Any 
water  mechanically  combined  will  be  expelled 
by  the  first  action  of  the  heat  iind  should  be 
wiped  away  with  blutting  paper.     On  heating  pig.  74. 

to  redness  the  mcrcuTy  separates  in  vapor,  which  condenses  on  the 
colder  part  of  the  tube  at  a  to  small  niotallic  globules,  that  cannot  be 
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Toistukcn  for  Any  other  mctnl.     The  metaU  Hiid  reiudue  in  the  mttr 
T&6»  may  then  be  further  tested  for  gold,  silver,  etc. 

Seieni/fe  of  werciiry  may  l>^  recognized  by  the  lustrou«,  crrstÄlline, 
gray  anblimate  formed  in  the  neck  of  the  matmsä.  If  mi^ed  «ritb 
much  siKJn  ilie  niercury  separates  in  globules,  leaving  the  st^letiinn 
combined  with  sodium. 

Combiui'd  with  tsulphur,  as  iu  cinnabar,  mercury  aflurdft  a  black 
sublimate,  which  assumes  a  red  color  by  friction.  Powdered  cia- 
nabar  heated  wiih  three  volumes  of  soda,  i)rcviousty  dried  by 
bringiug  it  to  incipient  redness  in  tlie  platinum  sfwon,  yiulils  I 
äublimute  of  mt-tullic  mercury  and  a  little  ciuuaUir,  wliile  tliedulphnr 
remains  combined  with  sodium.  If  neutral  oxalate  of  putasäu» or^ 
bcttt^r  still,  a  mixture  of  the  oxalate  with  cyanide  of  potussium  it 
employeJ,  metjillic  mercury  alone  is  obtained. 

Artiticiul   cinnabar,  or  vermilion,   if  adulterated   with    minium, 
leaves  in  the  matrass  a  residue  of  sulphide  of  lead»  which  cu»  be 
recugiiized  on  coal.    The  same  ix-marks  apply  to  uu  admixture  of' 
sulphide  of  autimouy. 

When  sulphide  of  mercury  is  combined  with  other  sulphides,  ai 
in  certain  varieties  of  tetrahedrite,  even  when  very  little  is  preerat, 
the  test  in  the  mairass  affitrils,  by  the  first  acuon  of  tlielu-at,  a  black 
sublimate  of  this  sulphide,  because  it  is  ao  volatile  that  it  can  reatlily 
be  separated  from  the  other  sulphides  by  an  elevated  temiieralurc. 
Upon  mixing  the  powdered  substance  with  neutral  oxalate  of  putiua 
and  cyanide  of  potassium,  and  heating  it  to  redness  in  a  narn»*- 
neckcd  matrass,  metallic  mercury  separates  and  condenses  ou  tb« 
neck  to  a  gray  coat,  which  may  be  united  to  a  globule  by  gonttf 
tapping  on  the  gla^s,  unless  too  little  mercury  is  sublimed.     Should 
there  be  so  little  mercury  that  no  Him  can  be  detected  wiili  certainty, 
the  assay  may  be  repeated  and  the  end  of  an  iron  win»  wrapprd 
about  with  a  bit  of  pure  gold  leaf    held  near  the  mixtutv  whil« 
heating  it    The  gold  will  become  entirely  white,  or  at  least  very 
perceptibly  ao,  if  the  slightest  trace  of  mercury  is  present 
CMorMoof         Combined    with    chlorine,    mercury    affords   a  white 
mcmiTy.     gTihllmatc  in    the  matrass,  or  if  mixed  with  dry  soda  or 
neutriil  oxalate  of  }>ottt£sa,  nietallic  mercury  volatilizes  on  heating, 
leavin,^  a  chliiridc  of  the  alkali.    To  detect  small  quantities  nf  the 
chlorides  of  mercury  in  substances  it  is  only  necessary  to  heat  them 
with  soda  or  oxalate  of  putas^i,  observing  the  directions  given  for 
detecting  a  trifling  amount  of  sulidiide  of  mercnry. 

lodirU  of  merniry  (Hg  I)  fuses  very  cosily  iu  the  matniM  sod 
affords  u  crystalline,  yellow  sublimate,  red  on  cooling      Subiodiih  nj 


I 
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Tcttry  Hg*  I  fiista  and  suWiines  uiiulttr«!,  when  quickly  lieuted ; 

slowly  befltcd,  it  is  decomposed  into  mercury  and  the  iudidti.  la 
the  matrass  with  eoda  or  Deutml  oxtilate  of  potassu  both  compounda 
yield  mercury. 

The    oxy-i<a)t«    of    mercury  are  also  best  decomposed  by    salts, 
ignitiuu  ill  the  matrass  witli  perfectly  dry  soda,  or  neutral 
oxalate  ol*  potasea,  which  causes  the  8f']>aratlon  of  metallic  mercury. 


b.  Blowpipe  character itttics  of  the  fnercitrt/erous  minerals  above 

named. 

Native  mercury  snblimes  in  the  matrass  and  condenses  to  small 
globnles,  which  can  be  readily  caused  to  unite;  if  too  strongly 
beat<d  it  boils  and  spirt«.  Any  sihvr  present  will  remain  behind, 
and  cau  then  be  cuptllcd  with  lead,  vide  silrer. 

Aiitalf/am  and  arqiterUe  gradually  heated  to  redness  in  the  mat- 
raßs,  afford  mercury  and  leave  spongy  silver,  which  may  be  fused  to 
a  buttuD  OQ  coal,  or  if  impure  may  be  cupelled. 

HBBCUBV  COXBIXED  WITH  SELEKIUM. 

Tiemnnnite  decrepitates  in  the  closed  tulie,  swells  and  fuses,  vola- 
tilizing completely  wlien  pure  and  forming  a  black  subHnuite.  brown- 
üh-red  at  the  side  farthest  from  Ibe  assay.  The  residue  fn.tni  impure 
fragments  reacts  for  iron  and  Hilica  with  fluxes.  The  addition  of 
conpidcruhle  soda  causes  mercury  to  separate. 

Id  the  open  tube  it  aßbrds  a  selenium  odor  and  a  black  sublimate, 
followed  by  a  reddish-brown  one  an<l  then  a  white  t>nblimate  of 
selenjte  of  mercury,  somctimu:«  fusible  to  drops  like  tellurous  acid. 
On  coal  it  volatilizes  with  an  azure-blue  flame  and  affbi-ds  a  lustrous 
metallic  coat,  eurroiiiKlcd  by  a  dark*brown  coat.     (Kerl) 

(hnofrile  {Selennchwefelqueckailber),  according  to  H.  Rose,  volatil- 
izes unchanged,  yielding  a  black  subliuiatc  of  mixed  suliihidf  and 
8«.'li'nide  of  mercury.  With  soda  it  alTonU  mi-rcury  and  ui»  coal 
düTuses  A  selenium  odor. 

Ono/rit.  a  yellow,  earthy  mineral,  volatilizes  with  a  selenium  odor 
and  uQ(U'ds  a  sublimate  of  mercury  and  some  yellow  compound 
(K  abler). 

SULPHIDE  OF  UEROÜRT. 

Cintuihar  yields  in  the  matrass  ft  dark  sublimate,  which  givea  a 
red  Htnak.  If  there  is  any  residue  it  occasionally  reacts  for  iron, 
copper,  and  lead. 
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In  tlic  oi>en  tii!»c  it  affords  sulplmrons  acid  and  mcrcary,  bot  if 
qnickly  lieak-d  part  of  it  sublimeä  unchanged. 

On  coal  volatilises  completely  if  pnra. 

HpfHtiic  cinnabar  AfTords  in  the  matrass  a  very  dark  sobUiiiBte4 
ciiiuuljur,  ovulvus  a  distinct  äulphurettüd  bydrogeo  odor  and  leaTMl 
hlack  CO»])'  mass,  whicli  on  ignition  in  the  opoo  tnbo,  or  on  platioan 
foil,  gratinully  di&uppcors,  leaviog  only  a  trace  of  earthy  mutLer. 

Caiomd  yitlda  the  reactions  of  mercury  and  chlorine,  a%  gifcu 
p.  3Ü4.  On  coal  volatilizee  and  forms  a  white  coat,  and  with  S.  1 
and  oxide  of  copper  shows  chlorine,  vide  chlorine^ 

Jodid«  of  mercitrt/  (artificial)  yields  violet  iodine  Tapors  »ben 
honied  with  bisiilphnte  of  poto&xa  in  llie  matrass.  See  also  nader 
tlie  general  esaoUnation  for  merenry. 

e.  Metallurgical  produeU. 

The  essential  points  regarding  the  examination  for  mercorf  ffl 
these  product's  ai*e  giv&n  under  the  geucrul  examination. 


14.  SlLYBB,  Ag. 

lU  occurrence  in  the  mineral  kingdom  and  in  metalhirgieal 
product«* 

Silver  Dccurs  in  nature : — 
rt.  Metallic  and  alone  in 
Native  Silver, — Ag,  «ometimes  with  a  little  Sb,  As,  Hg,  Co,  Tt,  I 
and  An. 
b.  Ckimbined  with  other  metals: 
a.  With  gold  in 
Kative  gold,  m'de  gold. 

ß.  With  bismuth  in 
Chilenite,  when  pure  probably  Ag"  Bi,  with  85.6  Ag  and  144 ' 
Till'  accumi>anying  Cu  and  As  probably  re-sult  from  the  doroej^J 
kite  which  occurs  with  it. 
y.  With  mercury  in 
Amalgam  und  arqncrite,  vide  merenry. 

6,  With  antimony  in 
Dyscraiite  {nHtimonial  silver),  of  varying  composition ;  from  Vd 
fach,— Ag*  Sb,  with  Si  Ag,  and  Ag'  Sb,  with  77  Ag,  (this 
from   Andreasberg);    according  to  Domeyko's  analyse«  Ag* Sb» 
with  ca.G  Ag.  and  Ag"  Sb,  with  94,3  Ag,  also  exist 
Arsenic  silver  (Arsensilifer)  trota  Andreasbei^  containing,  according 
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to  Hammelsherg,  about  9  f>er  cent.  Ag,  is  porhaps  a  mixture  of 
4.3  arst'Dopyrite,  70.2  oräenical  iron  and  24.3  dyscrasite. 
c.  With  tellurium  in 

Hesnte, — Ag  Te,  with  63.7  Ag»  and  occasionaliy  An  and  tracea  of 
Fe; 

Petzit«,— Au  Te  +  4  Ag  Te,  with  45.5  Ag  and  20.7  Au ; 

Altait«,  vide  lead;  contains  a  little  silver. 

c  Combined  with  nd^tiium  and  other  telenides  in 

Nanmunuite,  apparently  occurring  only  in  isomorpbon«  combinatioD 
with  clangthalite;  one  compound  =  Pb  Se  4- 13  Ag  St;,  the 
other  =:  Ag  tSe  +  4  to  5  PbSe;  pure  Ag  Se  containing  73.15  Ag; 

Eucairite,— Ag  Se  +  Cu  Se,  with  43  .^g  and  25.3  Cn. 
d.  With  sulphur  und  other  sulphide«  in 

Argentite  {silver  glance)^  acanthite  uml  dalenunzite, — Ag.  with 
87  Ag; 

St^phanite  {brittle vHver  ore), — Ag*Sb,  with  6S.5Ag and  occasionally 
a  little  Fe,  Cu,  and  As; 

Polybasit*,— (^u,  Ag) '  (5*5,  iTe),  with  64  to  7Ä  Ag  aud  10  to  3  Cu, 
occasionally  a  little  Fe  and  Zn ; 

Jalpaite,— 3  Ag  +  6u,  with  71.7  Ag  and  14  Cu ; 

Bittingerite,  probably  a  compound  of  eulpliide  of  silver  and  anti- 
mony (Dana) ; 

Bolivianito,  according  to  T.  Richter,  antimoninl  sulphide  of  silver, 
with  8.5  percent  Ag  (Dana); 

ßtylütypite.— 3  (On,  Ag,  Fe)  S  +  Sb  S'  (Dana) ; 

Proastite  {ru&y  aUrer.  pt.,  light  red  silver  ore)^ — Ag*  As,  with  65,4 
Ag;  occnsionallv  a  little  Sb  replaces  some  As; 

Xanthuconite,— Ag"  As  +  2  Ag*  As  with  64  Ag; 

Pyrargyrite  (riibg  silver,  pt,  dark  red  silv^  ore)^ — Ag"  Sb.  with  59.9 

Ag; 
Pyrostilpnite  {ßre-hlende\ — Ag,  Sb,  S;  perhaps  like  xnnthoconitc; 
Stromcyeritc, — On  +  Ag.  with  53  Ag  and  31.2  Cu,  tiomctimes  a  little 

Fe;  it  apparently  ocxiura  mixed  with  chalcocite  in  some  locali- 

tiee,  so  that  the  Ag  may  sink  to  a  few  per  cent 
Miargyrite,— Ag  Sb  with  36.9  Ag  and  a  little  Cu  and  Pp; 
Bterabergite,— Ag'  ie  +  2  i'e'  Be,  with  34.1  Ag,  or  Ag  S  +  8  Fe  8 

+  Fe  S«,  Dana ; 
Brongniardite,— Ag"  ISb  +  tb'  Sb,  with  24.7  Ag; 
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Freieslubenite,— ir  Sb,  or  3  ^'  Sb  +  fl'  Sb ;  ti  -  Ag  and  f'o,  wilfe 

24.4  Ag;  in  the  Freiberg  variety  1.2  per  cent  Cu  ftnd  a  rerj 

little  Fe; 
[Achtes  Weisiiiiltigerz  from   the  Himmelsfilret  and  Alte  Jloffbunl 

mines.  Kri-'iberg,  consiatiiig  «f  (Fe,  Zn,  Pb,  Ag)'  Ob,  with3)$  Phi 

5.7  Ag  and  trao^e  of  Cu;  mentioned  nndcr  pol*/teliie  in  Dm%\ 

Mineralogy; 
Scliapbachitt'  (  Winrfiuthttilfmrerx)  conlainrng,  according  to  Klaproth 

16.3  S,  33  Pb,  Ä7  Bi,  15  Ag.  and  a  little  Fe  and  Ciu  is  stuttd  i 

SandbergtT  to  be  a  mixture  of  bismuthinite,  argentile, 

galena  (Dana) ; 
Tctwheclritc  (so-called  dtiulcleit  H'eissff  ill  iff erZt  with  18  to  31.8  Ag)j 

vide  copper ; 
AftoÄite,  vidt  copper. 

Oliver  combined  with  sulphnr  also  occnra  in  trifling  qiumritr ifl 
many  lead  and  copper  ores,  as  galena,  several  of  tlic  plumbiferon 
minerals  enumerated   on   p.  '207.  and   the  copper  ores  on  p.  3S 
Pyrite,  arsenopyrit«,  and  sioc-bleude   not   unfrequently  contain 
little  snipbidc  of  silver. 

«,  Combined  with  chlorine  and  bromine  iu 
Oemrgyrite  (Aom  «liwr),— Ag  01,  ,with  75.2  Ag;  sometimes 

with  S^  and  earthy  matters; 
Kmbotitc, — Ag  CI  and  Ag  Br  iu  varying  proportions: 

3  Ag  CI  +  Ag  Br,  with  69.8  Ag  (rnicrobromiU), 
2  Ag  CI  +  Ag  Br     "     68J8  " 
8  Ag  CI  +  2  Ag  Br  "     66.9   «    {embom«), 

4  Ag  CI  +  5  Ag  Br  "     643  "    {megabromiU), 
Ag  CI  +  3  Ag  Br  "     61.0  •« 

/.  With  bromine  in 
Brcimyritc, — Ag  Br,  with  67.4  Ag. 

g.  With  iodine  in 
lodyritc.— Ag  I,  with  45.9  Ag. 
Silver  occurs  in  laetaUui^gical  products  as  follows : 
•.  Meiallic  in 
BdlMd  eilrer,  frequently  with  ti«oe6  of  Pb^and  sometimes  Atiwa 

Cu; 
Brightened  silver,  ooutaining  a  little  Pb^  Go,  and  sometimes  Bi,  S^^ 
As,  and  Ni ;  ^^ 

Otmami  siivrr  from  the  "  ejctraction  "  of  argenciferons  ores  and  prod^ 
net«;  it  fVvquoutly  contains  more  or  le«8  Pb  and  trifling  qusn- 
Utir«  of  other  metals ; 
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^ort  silver,  often  containing  more  or  less  Cu,  tnices  of  Au,  "Si,  Co, 
and.  Iwfore  refining,  alau  Fe,  Zii,  Sb,  Pb,  As,  and  Hg; 
Antaifforih  nau&lly    containing   the    ingredienta   of   the   foregoing 

product ; 
Mawy  or  »ilv^^r  l4fufi  almost  hWajs  contaiuing  trifling  qnantitiee  of 
other  tnetaUt,  vide  luiid. 
A  little  Ag  also  occurs  in  biuck  copper,  raw  copper,  and  refined 
cupper,  vide  iivn  ;  as  well  as  in  many  epccimens  of  lead,  inde  It-ad. 

Ä.  Combined  with  snlphur  it  occnis  in  trifling  quantity  in  the 
various  maits  and  spei«s-like  products  from  smelting  ^ilvt-r,  lead*  and 
ooppiT  ore«,  and  in  certain  furnace  dep<isits,  vide  iron. 

c.  As  oxide  in  very  wnuU  quantiti"-'8  in  the  product«  uf  cupellation, 
visL,  litharge,  abzng,  aHtrichj  and  aipel  bottoms  or  hmrth,  vide  lead. 
Here  should  hIbo  be  mentioned  the  tvsl  iruiss,  or  bottom  of  tlic  silver 
refluiog  hearth. 

Staffs  couiaining  silver  often  owe  ite  presence  chiefly  to  flue, 
disseminated  particles  of  argentiferous  matt,  although  some  slags 
onnlain  silicate  of  silver. 


Anojrp. 


Bxamination  for  SUver, 

Including  the  blowpipe  dtar acter itttics  of  tM  above-Tiamed  minerait 

attä  products, 

a.  General  examinaiion  for  silver* 

ComjMJUuds  of  silver  with  metals,  volatile  at  u  high  heat,  as 
antimong,  lead,  and  hisruutft,  yield  a  coat  on  coal.  After  nearly  the 
whole  of  these  metals  have  been  volatilized  by  long  blowing, 
the  csoat  becomes  reddish  to  carmine-red  from  oxide  of  silver, 
if  there  is  not  too  little  of  (hat  metal  y>resent,  and  the  remaining 
button  fthowi?  a  more  or  leBS  pure  silver  color.  This  reddening  of 
the  coat  is  higlily  cliaracteristic  and  may  always  be  regarded  a.s  indi- 
cating silver.  In  oumbinatioii  with  much  lead  or  bismutli,  silver 
is  found  by  cupellation,  with  addition  of  tost  lead,  if  that  is  made 
Dec*sf;iry  by  the  presence  of  other  oxidizable  metals,  vide  ((uantit^i- 
tive  silver  assay. 

When  silver  containing  arsenic  is  treated  alone,  ou  coal,  the  arsenic 
volatilizes  and  may  l>e  rerojinized  by  its  odor. 

Seienium  behaves  similarly.     Tellurium,  if  present  in  considerable 

quantity,  partly  volntilii^s  and  coats  the  conl,  but  part  of  it  remains 

I  persistently  with  the  silver  and  cuu  only  be  ri^nioved  by  treating  the 

npuund.  pulverized  as  niucli  as  (»süible  in  the  U.  F.,  witli  Foda, 
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or  iientrul  oxulate  of  i>otdsstk.  Mercury  oombined  with  silver  ou) 
be  rcmovL-d  by  iguiiiou  on  coal,  or  in  the  matrass;  ou  c<ml  tii« 
silver  Fuses  to  u  button,  ii»  the  matrass  it  forma  a  poroti»  roäiduc 

If  tile  eiWer  is  combiucd  with  much  gold  aud  the  ulluy  is  fased  iq 
0.  F.  with  S.  Pb.  on  coal,  the  silver  oxidizes  uid  is  graduull;  i 
solved,  reüdt'riug  tlje  glaaa  o|MUeÄceiit   when   cold-    By  ecpanUm 
this  glass  from  the  gold  buttou  and  treating  it  alone  on  coal  in  EJ?| 
the  oxide  is  readily  reduced  and  united  to  &  button  of  silvtT.  p^  10 

Wbeu  non-vutatiie  meUild.  mure  eauily  ojiidized  thuu  silver.  ■ 
present,  viz.,  copper^  nickdy  atid  cobalt,  in  not  too  small  qimuLicjrjj 
they  may  readily  be  detected  by  testing  wiUi  borax  or  S.  Pli.  ou  < 
and  frequently  so  far  separated  as  to  leave  the  silver  with  a  pan 
surface     Wlu-n  present  in  large  quuntities  they  can  ouly  be  eiiliMM 
separated  by  cupelling  the  silver  with  t«6t  lead.    Should  thette  iin'tj 
be  preK'Ut  iu  so  small  proportiuns  that  no  distiuet  reacliuiis  • 
obtained  with  the  glass  fluxes,  a  «uffioient  qnantity  of  the  sib*-ri| 
treated  tirst  on  cual  alune  in  0.  F.  aud  notice  taken  of  any  coul  \\\i 
may  he  formed.     After  this  the  button  is  dissolved  iu  nitric  nciil  ifl 
a  test  tube,  diluted  with  water,  &  few  droi»  of  hydrochlorie  «i^ 
added,  and  the  whole  well  shaken,  so  that  the  chloride  of  Eiilver  m«| 
ecttk.    When  the  fluid  is  clear  a  drop  or  two  of  hydrochloric  acid  i^ 
addi-d,  to  a^eertaiu  whetlier  it  will  produce  any  further  cloudiuA 
If  it  dues  the  whole  must  again  be  well  ithakeu  ;  if  not»  the  sulolia 
may  be  Altered  at  once,  the  tiUrate  heated  to  boiling  iu  a  porccli 
vessel  and  a  solution  of  potassa  gradually  added  to  feebly  alkalifl 
reaction.     By  this  means  the  other  metals,  i)resent  as  oxides  t 
thrown  down,  aud  after  filtration  may  be  readily  detected  by  nii-ua 
of  the  glass  fluxes. 

The  chloride  of  silver  con  be  reduced  on  coal  with  soda. 

Minerals  and  metallurgical  product«  consisting  of,  or  containioS 
sulphides  of  met^tls,  aud  which  are  to  bt;  directly  examine« 
for  silver,  may  be  most  advantageously  treated  according  ' 
the  method  giveu  under  the  quantitative  silver  as^ay,  and  Üie  silttiP 
lead  cupellwl.  If  ricli  in  silver,  but  little  of  the  substance  neeJ' 
fcreatod,  while,  if  ptxir,  as  much  shonKl  l>e  used  as  for  the  quautiti 
live  assay.  The  quantity  of  test  lead  and  borax  gbi«s  de]M 
|iartly  upon  the  quantity  of  the  substance  taken  and  partly  upon  ill 
character;  whether  it  contains  difficultly  fusible  iugredii-nts,  wbie 
Ri«  to  be  slagged  off,  or  contains  copper,  nickel,  etc  Most  of  i 
above-mentioned  minerals  containing  sulphides  show  the  prescoci 
of  silver  by  the  reddish  coal  formed  on  coal,   p.  309. 
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h,  JBlowjfijx  clMrticieriHk^  of  the  argentiferous  minerals 
enunieraifid  above. 

Naiiv€  »ilmr  fuses  on  coal  to  a  bright  globnlf*.  which  has  a  Bilrer- 
trhit«  color  on  cooling.  The  presence  of  amimouy  causes  a  feeble 
white  coat  of  antimonons  acid,  wliich  uflerwai-d  becomes  red,  p.  GS. 
Aneuic,  if  preSfUt»  is  detected  by  the  odor  during  fusiou.  With 
borax  in  R.  F.  on  coal  it  sometimes  atfords  a  glass  that  reacts  for 
cobalt  and  iron.  , 

Chilenitt  would  probably  fuse  easily,  evolve  a  slight  arsenical 
odor,  and  coat  the  coal  with  oxide  of  bigniuth.  By  cupellittlou 
would  afford  a  silver  button,  and  stain  the  bone-ash  dark  grceu  with 
oxide  iif  copper. 

Dyseravite  fuses  very  readily  to  a  button  on  coal,  affords  a  copious 
ooot  of  oxide  of  antimony,  which  afterward  reddens,  and  liiially  a 
rather  pure  silver  button  remains. 

Hrssite  fusi's  in  the  open  tube,  without  affording  very  copiona 
fames.  On  coal  fuses  readily  to  a  globule  and  yields  part  of  its 
tellurium,  coating  the  coaUp.6l>;  but  the  greater  portion  remains 
with  the  silver.  When  cold  the  surface  is  covered  with  lustrous 
metallic  globules. 

Fnsed  in  a  fine  state  with  soda,  or  nentral  oxalate  of  ix)tas8u  in 
R.  F.,  the  tellurium  is  separated,  leaving  the  silver  in  little  globules, 
which  if  cleansed  from  the  coal  and  slag  by  washing,  and  then  dis- 
solved in  uitric  acid  generally  leaves  a  little  gold  behind. 

Petzite, — Its  blowpipe  cliaracteristics  are  npt  known  ;  probably  it 
behaves  very  much  like  the  above. 

SZLVEB  IN   COMBINATION   WITH  SSLENIUSL 

yaumannite  fuses  and  yicMs  a  trifling  fiuhlimate  in  the  closed 
tabp.  On  coal  in  0.  F.  fuses  quietly,  but  in  R  F.  intnmesce«,  and 
in  solidifying  glows  again.  With  soda  and  borax  affords  a  lustrous 
silver  button  (G.  Kose). 

Stukiirile. — Id  open  tube  like  berzeliauite,  p.  296.  On  coal  fuses 
with  a  strong  odor  of  selenium,  and  affonls  a  gray,  sof^,  but  not 
malleable,  metallic  button.  Cupelled  with  test  Ii>ud,  leaves  a  silver 
button,  and  with  the  fluxes  reacts  slrougly  fur  copper  (Berzelius). 

StLTKlt   IN   COMBINATION   WITH  fiCLPUDK. 

ArpentiU  and  watUbite  fnse  on  coal  in  0.  R,  with  intumescenos 
%Dd  evolution  of  sulphurous  acid, affording  ut  length  a  silver  bniton. 
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If  impTire,  n  elag  also  results,  which  reocte  usnallj  for  iron  and 
6i)mutimes  for  copier.  With  soda  a  silver  button  is  rerj  eosUy 
obtaiDed. 

StfjihaniU  decrepitates  in  the  closed  tub<>,  tlien  ftuea^  *nd  <^^f 
som«  time  yields  a  alight  sublimate  of  sulphide  of  antimunv.  In 
the  opt* u  tube  fiisofl  and  evulves  aritimoiioun  fum«'«  and  i^u1|ihuroa? 
acid.  On  coal  tuseä  very  easily,  with  spirting,  coats  the  coul  with 
oxide  of  autinionr,  and  is  couvertcd  into  sulphide  of  silvor*  oonUin* 
ing  but  lirle  antimony.  On  long  blowing  the  coat  reddtiufi  und  a 
sihvr  bulLuu  reuuiiti»,  6uuietimeä  with  a  senriu  that  reuctd  fur  copper 
and  iron. 

Puli/liaitiie  fnst's  with  extraordinary  ea^ü  in  the  closed  tube^  hut 
yit'lde  uo  sublimate.  In  the  opt n  IuIh.-  fua^'S  and  yields  äulpliumds 
and  autiniouovis  funiei».  Under  the  magnifying  glaa»,  if  A«  was 
present,  the  sublimate  is  seen  to  consist  uf  autimonous  acid  mixod 
with  crystalline  arscuons  acid.  On  coal  in  0.  F.  fuses  very  readily 
with  spirting  to  a  globule»  which  evulres  sulphuruus  acid  and  ct«t« 
the  coal  with  oxide  of  antimony  and.  in  prtiieuoe  of  arsenic,  araiu- 
oaa  acid. 

Ix>ng  blowing  occasionally  pruductö  a  yellowish-white  xiiic  coat 
near  the  assay,  and  finally  a  metallic,  mirror-like  button  is  obiain«d. 
The  cold  button  has  a  black  surface,  and  the  white  ooat  is  somewlut 
rtnldeued  by  oxide  uf  silver.  With  S.  Ph.  the  button  bebuTes  like 
cnpriferons  silver. 

Proust itt  fuse»  very  xv«d)ly  in  tho  closed  tube  and  at  incipient 
reduces  affords  a  slight  snblinwti»  of  sulphide  of  arsenic.  Th« 
re«idue  has  a  dark,  lead-gray,  aooly  fracture  and  feebly  metiilUc  Instre. 
In  the  open  tube  atfonls  gulpburoua  and  anenood  wnds.  with  sum« 
antimonuns  fume«,  if  ^h  replaces  aame  At»  Fvaes  oo  coaJ  «ith 
erolulion  of  sulphuroos  and  araenoua  fumca  and  coata  the  oital  with 
arseuous  acid  (and,  lu  prvseu^  of  oU  with  oiide  uf  autüiiony) ; 
but  later  the  fü£ed  globule  behared  likr  sniphide  of  silver.  This 
fused  for  some  tint«  in  0.  F.,  or  r^uced  with  soda.  aflTonU  par«  sihvr. 

XaMlkiicomife  in  the  clo<^  tub«  assumes  a  transient,  dark-rvd 
coK>r.  More  6tn.ingly  heated  fuse:»  and  tben  behaves  like  pninstit«. 
In  th«  open  tube  and  on  c\ial  lik«  prooetit«  finre  from  autimuny. 

Pjfrarfyrii«  Atses  T.ry  rt-adily  in  the cK^ed  '  ;: 

Into  small  pifMS  at  first,  and  at  a  cmtiuuL-d  r 

Umale  of  amorplkous  ter«ulphide  of  antimony.  Fnsie«  in  the  open 
ml«  and  eTolvK  su1phurx>us  acid  and  aaiimontal  faniH.  On  coal 
fixmf  Terr  n-Adity  with  5tnrting  to  m  gioliak^,  yicUi  «ulphide  uf  aoti- 
muuy.  CLiala  IIm  ooal  with  oud*  of  antimooy,  and  ia  oaoTcrttil  inta 
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jsnlphidt^  of  silver,  which  obHliniit^ly  retjiiiis  eoiuti  antimuny.  By 
lloDf  trciitment  in  0.  F.,  or  reduclioti  with  Boda,  this  utVoiils  nura 
[silver.  Any  As  replacing  Sb  cau  be  recogniaed  by  the  odur  when  the 
Lpövdert'd  miaeral,  mixed  with  sudu  ur  ncutmt  oxalate  of  pt^tiiissn,  is 
rfaectl  on  coal  iu  R.  F. 

Pijro»tilpnite  ;  in  the  open  tube  and  on  coal  likei)yr;irgyrit<?. 
Stromet/irtte  fuses  yery  cusily  in  the  closed  tube  und  only  rarely 
fields  ft  little  snlpfaur.  In  the  open  tube  fuse«  to  a  globule  and 
Eevolv^  fltilirhurous  acid,  but  no  enhlimiite  when  pnre.  Fusis  very 
I  readily  to  a  globule  on  coal  and  in  O.  F.  evolves  only  tjulphiinjus 
cid  if  pure.  The  fused  globule  baa  a  metallic  lustre,  is  half  mal- 
Meablc,  and  has  a  gray  fraoiure.  With  the  fluxi-s  rcants  strongly  for 
fcopper  and  eonutiujes  ft-ebly  fur  iron.  Cuixdled  with  teat  k-ad  it 
leaves  a  silver  button  and  a  dark-green,  copper  stain  on  the  cu|>e1. 

»JaljMite,  like  the  preceding. 
3/iV;r^yr:Vo  decrepitai.e8  in  the  dosed  tubei,  fuses  very  easily  and 
gives  a  film  of  sulphide  of  antimony.  In  the  open  tube  evolves 
fiulphurtms  acid  and*  abundant  antinnonous  fumeB.  On  coal  fuses 
Tcrj' readily  and  quietly,  with  emission  of  sulphurous  and  antimo- 
nons  fumes,  to  a  gray  globule,  which  finally  in  0-  F.  ch'anges  to  a 
^bright  silver  button,  while  the  antimony  coat  «nldeus.  Treated 
rith  8.  Ph.  and  tin,  the  button  «hows  a  ft>eble,  but  distinct  K'actioD 
for  copjier. 

SUruberyite  yields  iu  the  open  tube  only  sulphnrons  ncid ;  ou 
coal  fuses  with  evolution  of  sulphurous  acid  to  a  globule,  which  ia 
jvered  with  metallic  silver  and  is  magnetic  Koastfd  in  powdojf 
3n  c<jal  and  treated  in  R.  F.  with  horax,  gives  a  silver  butlun,  and 
a  black,  opaque  glass,  which  reacts  for  iron. 

fytieahbtniie  in  tlie  open  tuh«  yklds  Bulphurous  acid  and  anrimo- 

_Donafnmes,  the  non-volatile  portions  of  which  likewige  contain  anti- 

icinatc  of  lead.     On  coal  fusts  easily,  fomiing  at  a  certain  dlstanoe 

^%  coat  of  oxide  of  antimony  mixed  with  sulphate  of  lead,  and  nearer 

the  art!^ay  a  dark-yellow  coat  of  oxide  with  antimonate  of  k-ad.    The 

coat  finally  becomes  very  rixl  and  a  silver  button  is  left-,  which  may 

be  pnrifieil  by  treatment  witli  boracic  acid  on  coal. 

tichtfft    WeiRsgiUigfirz  from   Freiberg.     Fuses  in  the  open  tube, 

ind   behavi'8  like  freiealeln^nile.    On  coal  fuses  very  easily,  spreads 

gut,  coats  the  coal  strongly  with   oxides  of  autimony  und  lead,  and 

I  small,  grayish-while,  metallic  buttons.    The  lead  coat  coucoala 

"^Iie  oxide  of  zinc.     Fused  with  borax  in   H.  F.  the  metallic  button« 

noite  to  a  small  silvt-r  button,  siiowiiig  copper  with  S.  Ph.,  while  the 

urax  glasa  ap^tears  bottle-green  from  iron. 
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tidiapbachite. — Pnece  readily  on  oob4,  giviug  lead  and  liianatb 
ooutfi,  evulving  Bulphurous  acid  und  leaNdng  a  silver  bntton,  «Uidi 
retains  a  little  lead,  bismuth,  and  copper. 


COMPOUNDä  OP  SILVEB   WITH   CHLORIKE,   BBOMIME,   AKS  lODIXK. 

CUhrt'd«  of  silver  {cerargyrite)^  on  coal  in  0.  F.  fusee  Tery  eaailf 
(frequently  with  ebullition)  to  a  globule,  which  wpearl-gwy.bntwn- 
iHh>  or  bliick.  accoi-ding  to  ibe  purity  or  the  mincraL  lu  R.  F. 
griuUiuily  ivduL'ud  toTuoUl;  immediately  with  sodu.  With  oxide  of 
oop[>ur  on  cuid  give£  the  chlorine  reaction.  Fused  with  bisulphäic 
of  puiaääji  in  &  niatras«,  it  unites  beneath  the  fluid  salt  to  a  ljt;iui> 
which  iü  while  when  oold.  If  the  salt  is  dissoWed  by  wanning  it 
with  watt-r>  and  the  remaining  bead  of  chloride  of  silver  well  dried 
bctwetn  titter  jtapor  and  exposed  to  the  sunlight,  it  soon  aasuineaa 
gray  or  violet  color. 

The  componuds  of  silver  with  ehhrine  and  bromine  (embfh'ff)  fo* 
very  eitsily  on  coal,  spread  out-  and  are  gradually  reduued  to  mi-tuUto 
Btlvert evulving  asuOboating  odor.  Soda  grently  accelerates  the  nda> 
tion.  If  (hr  »Ikiiline  mass  is  then  brokin  out  frcmi  the  coul,  dis- 
sulved  in  uutor,  evapurateil  to  dryness,  and  the  dry  salt  fu^d  iu  a 
niatnisä  ^ith  bisutphate  of  putassa,  ibe  compounds  rich  in  bromine 
emit  fi'ddish-yi'llow  bromine  vapors. 

With  oxitic of  copper  on  coal  they  tinge  the  flame  greenish] 
first,  but  afterwaril  int^^nse  bine. 

Ku9fd  with  bisntphate  of  potasca  in  tlie  matrass  they  nnfl 
beneath  thr  llnid  salt  to  dark  red  dtopa,  which  ore  li^ht  temon-ycUoir 
when  tvld.  Tn-atwl  like  the  chloride  mentioned  just  above,  and 
exiKificd  to  the  sunlight,  the  compounds  in  which  chloride.*  o(  aher 
prevaiU  a~4^nme  a  gnrcnUh-^my  color,  while  those  containing  mora 
hrnniidf  ;i)<|"-Mr  diriv  trrfrn, 

iir i«>  ..t  ikitt^r  {^fvmjfriU)  on  cbaitxttl  emits  pungent  bn<iuii)o 

VNpon  and  fields  a  butuw  of  silver.  The  artificial  bromide  faatf 
rttsilv.  Mild  wiiii  nxidouf  copper  iu  R  F.  oolors  tfae  flame  grwutth 
ftt  lir^t,  tMtt  afuTunnl  iulensegneeni^b-bloe. 

In  the  nia:ra5.4  iui<^  tctx  rB«dUy  aud  has  a  quite  dark  red  cokir 
while  fluid.  Ikconntng  lighter  ua  suUdi^Dg,  60  that  wlu*a  e»ld  ithsi 
a  dot'p  >x'Uow  ouKu"  and  is  n<«riy  tiaas|iHr«BL.  Fused  with  bicalpluiu 
of  poUusa  it  cvolrts  v<rry  trilltag  broäüna  vapon,  and  tfae  Said  wui 
turrottndins  th«  brumid«  of  siUer  asntBMS  a  yellow  color  Tnat«d 
Ukv  tb«  ohlorid«  t^  silv«r  abore,  it  gradnally  aiwiimf«  in  tfae  stmligbt 
%  dark  a»]iaMitguft-gTv«ii  ootar. 
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iodide  of  silver  {iodyriie),  f\i6ee  iB  tbe  closed  tube  and  ASKumes  u 

orange  color,  bat  resmneä  its  yellow  color  on  cooliug.     B.  B.  oa 

givL's  fumes  of  iudiue  aud  a  globule  of  metallic  silver  (Dana). 

The  tirtiflciul  iodidu  fus<rs  on  coal  with  extroordiuary  ease,  liprcada 

^xit^  evolves  a  pungeut  iodiue  odor,  tinges  the  flume  reddläb,  and 

^^»raoon  leaves  metallic  silver  glubales.    With  oxide  of  copper  in 

«t.  F.  culorä  the  flanie  greeu. 

lo  tbe  Diutraös  olou^  acts  like  iodyrite.  Fused  with  bisulphat«  of 
VotaBsa  it  uuiies  tu  u  dark  red  drop,  below  tbe  salt,  and  evolves 
iodiae  vapors.  Treated  like  the  chloride  and  bromide  above,  its 
yellow  oolur  remains  nncbanged. 

&  Examuuxtion  of  mdallurgical  produels. 

The  method  of  esamiDing  the  products  above  enumerated  for 
Silver  may  be  deduced  from  the  remarks  under  the  examination  for 
Kilver  in  general 


15.  Platincx,  Pt;  Palladium,  Pd;  Rhodium,  Rh;  Iridium,  Ir; 
BuTHENiCJtf,  Rn;  and  Osmicu,  Os. 


Their  occurrence  in  the  mineral  kingdom» 


^KThey  are  foand 

^M^  a.  Mrtaltic  iu  the  following  minerals: 

Hplatiuuiu,  Pt,  almost  ulvays  combined  with  Fe,  Cv.  Kb,  Ir,  Fd,  and 

H        Os,  so  that  the  amouut  of  Pt  is  sometimes  as  low  as  70  per 

^1         cent;  the  amonnt  of  Fe  is  especially  important,  as  it  varies 

^■^      from  5.3  to  almust  13  pt^r  cent. 

HFlaiiniridium,  containing  27.8  to  76.8  Ir,  19.Ü  to  55.4  Pt,  besides  Rh, 

W        Pd.  Fe.andCn; 

Palladinm,   Pd.  combined  with  small   quantities  of  Pt   and  Ir; 
^L        alhpaUadivni  is  palladium,  under  tbe  hexagonal  system,  the 
^^         metal  being  dimorpboua  (Dana). 
Polladinm-jrold,  \      ■,       .  i 
.Khutlium'gold,     (  ^ 

|lndo«miuc,  light  {osmiridium), — Ir,  Os,  with  46.7  Ir,  49.3  Os,  and  a 

Uttl«  Rh,  Rn,  and  Fe; 
flridosDiine,  dark; — Ir  Os',  with  about  25  Ir,  and  Ir  Os*,  with  about 
20  Ir;  prubably  containing  also  Ru.     Kt>wjan»kite   and  si&ser' 
$kiU  are  varieties  of  iridomniiM. 
It  wo  of  the  above-mentioned  metAls  are  also  found  as 
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b,    Oxififti  in 

Irite,  probably  (L-,  Ös,  Pe, )  +  Tr,  Ob,  ör),  with  55.  3  Ir,  9,3  Oa.  1(U 
Fe,  10  Cr. 

c    Combined  with  sulphur  in 
fjuurite,  perhaps — 12  Ku*  S'  +  Os  S*  (Dautt). 

According  to  Pertenkofe:  (Dinwltr's  Juunial,  VoL  Civ™  p  188, 
et  saj. ;  also  Polytechn.  CentralblaH,  1847,  p.  1085),  plrttinum  M 
very  widely  distributed,  and  all  the  silver  in  commerce  is  äüJ  to 
contain  iL 

Blowpipe  characteristics  of  the  aboiv-m^ntioned  mintraU- 

Platinum  and  platiiiiridium  arc,  B.  B..  infusible  combination! of 
different  metald.  which  cannot  be  ßo  deoomiwsed,  by  further  tiv»t- 
iiient  B.  B.f  that  llie  piveunoe  of  each  metal  may  be  proved  by  i 
definite  reaction. 

When  teäted  with  borax  or  S.  Ph.  they  do  not  fuse,  and  are  Qol 
oxidized  i>r  dissolved;  in  this  operation,  if  the  mineral  has  be«u  ülril 
off  in  a  fine  powder,  more  or  less  colored  bead:;,  it  is  trne.are  obtAineil, 
but  ibitj  color  comes  from  the  admixture  of  oxidizable  metal^  vix,, 
iron  and  copper,  which  may  be  found  in  this  manner. 

If  the  same  compounds  are  fused  oti  coal  with  borax  and  test  lead, 
and  a  eupelhitiou  of  the  button  commenced,  the  latter  operation  lAsta 
only  so  long  jis  the  infusible  metals  permiL  Thi-rc  p^siiIns  finally  lui 
infusible  combination,  in  which  there  is  still  much  lead  and  wtu'cli 
therefore  poeseases  a  lustrous  surface  and  is  somewhat  brittle.  If« 
medium-sizt^d  gold  button  is  added  and  the  cujHjUation  perform«! 
with  a  slronj^er  heat,  a  brig-ht  metallic  button  can  be  sometime 
obtained,  perfectly  free  from  lead,  and  of  a  yeUowish- white  or  eveu 
platinnm-gray  color.  If  it  cannot  be  cu[>elled  fine  npou  thecQpelit 
must  he  treated  on  coal  with  vitrified  buracic  acid,  as  follows:  i 
shallow  cavity  is  bored  in  the  cross  section  of  a  good  coal,  or  in  * 
charcoal  capsulL',  the  button  oontaining  lead  laid  in  it,  covered  wiili 
a  little  vitrified  Ixiracic  acid,  and  the  whole  treated  with  the  point  of 
the  bine  fliime.  AVhcn  the  button  is  fused  the  coal  is  inclined,  w 
that  the  furnier  conies  out  from  under  tlie  melted  glass,  bat  etill 
remains  in  contact  with  it.  thus  aSbnling  a  large  surface  for  oxid** 
tion.  The  point  of  the  Rnmc  is  now  directed  for  a  long  time  anin- 
terniptedly  upon  the  fluid  glass,  the  nirtal  being  fn*ely  i-xposed  M 
the  air;  in  this  way  all  the  lead  is  oxidized  and  dissolved  in  th< 
boracic  acid  and  the  snrface  of  the  button  becomes  bright. 

The  resulting  alloy  of  gold,  platinnm,  rhodium,  iridinm.  palb- 
dinm,  and  osmium  (the  iron  and  copjMT  having  been  rpmored)«!! 
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mored  lliiii,  igniteit  uu  coal  ntiU  ili^iitLilvi-d  in  lu^ua  rc-gia,  which 

iTi'8  tht*  tinely  dividin],  black,  metallic  iridium  behind.  The 
•ulotioii  is  poured  intoaporecliÜD  diäli.  treateil  with  as  much  chloride 
of  ammonium  tu  i&  iieceK^urv  U}  alter  all  the  platiiiurn  tulo  plutin- 
rbUmde  of  ammohium,  and  the  whulc  cari-fully  u-vjiporatcd  to  dry- 
ness Ht  a  gt-ntle  heal,  in  order  to  {HWent  any  partial  decomposition 
of  the  BikUs  whicii  liav«;  bt-i'n  fornicd.  The  dry  salt«  are  brought 
tipi-in  u  filler  und  washed  with  ulcohol  of  60"  tu  70',  uutil  no  ycUow 
color  is  imparted  to  IVesh  alcohol.  By  tliia  opemtiou  the  gold,  with 
other  suluhlt-  lUiltä.  i»  dissnlved  tint,  and  after  water  has  been  added 
to  the  snlutioa  and  the  alcohol  driven  off  by  heating,  can  be  pre- 
ripitatetl  a-»  metal  from  the  warm  st>lution  by  sulphate  of  iron.  The 
nrsiduary  double  salt  is  bright  yellow  and  is  altei-etl  to  spongy  plat- 
inum by  heating  to  redness  in  a  platinum  spoon.  In  such  small 
ussays  no  notice  can  bo  taken  of  the  minute  quantities  of  Rh,  Pd, 
and  O«,  which  are  present  in  the  native  platinnm. 

Tbe  metallic  precipitate  of  gold  can  be  fused  on  coal,  with  the 
«Edition  of  a  little  borax  or  S.  Ph..  to  a  button,  which  is  generally 
«jiiile  pure.  If.  however,  it  does  not  appear  perfectly  pure,  it  is  fusc-d 
un  ooal  in  R.  F.  with  some  borax  and  three  parts  of  pure  silver,  the 
alloy  treated  first  with  nitric  acid,  and  then  the  residuary  gold,  after 
wiitthiug,  wilh  bisulphate  of  (wtassn.  u.s  will  be  described  in  detail 
tmder  the  quantitative  gold  as^ay,  for  gold  containing  rhodium.  Jn 
this  way  alJ  the  metals  that  might  be  present  are  entirely  separated 
fn»ni  the  gold, and  if  this,  when  well  boiled  with  water,  is  melUHlon 
ooal  to  u  button,  it  will  appear  perfectly  pure. 

If  native  platinnm  is  dissolved  in  aqna  regia,  the  blood-red  sola-» 
lion  er»p«>nited  almost  to  dryness,  the  acid  fluid  diluted  with  water 
and  a  few  drops  of  a  solution  of  |iot-iiJ?s)\  added,  n  yellow  precipitÄte 
ia  formed,  which  omsists  ehieBy  of  jihitinchloride  of  potassium. 

/^dZ/df/iuw.— The  behavior  B.  B.  of  this  native  metal  is  not 
known. 

Palladium  which  has  been  reduced  from  the  oxide,  but  has  not 
vet  been  hammered,  )>chaves.  accunling  to  Berzelius,  as  follows: 

Carefully  heated  on  phitinum  foil  to  low  redness,  it  acquires  upon 
the  surface  a  blue  color,  which,  however,  disappears  at  full  rednesj*. 
On  coal  alune,  it  is  infusible  and  unchangeable.  With  sulphur  in 
R.  F..  it  fuses,  but  in  O.  F.  the  sulphur  burns  off,  leaving  the  palla- 
<!inm  t)eliind.  When  fused  with  bisulphate  of  potassa  in  a  su0i- 
cieiitly  large  mati-ass,  it  is  dissolved  with  the  evolution  of  sulphurous 
wid.    The  salt  ap[K'ars  yellow  when  cool, 

/rW/wwime,  liyht-colorfd,  is  infusible  B.  B.     Fused  in  a  matnwa 
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irith  nitiv,  vapors  of   osmic   acid  are  tTolved,  which  can  hi  ytrj 
distinctly  recognised  by  their  nnpleaeant  odor. 

Iridosntiney  dark-colored,  is  infusible  B.  B.,  bnt  gives  an  odor  of 
osminm ;  it  is,  according  to  G.  Rose,  aleo  disiingnished  from  the 
former  by  the  fact  that  it  loses  it«  lostre  in  the  blowpipe  Sam«, 
becomes  dark  colored,  and  yields,  even  in  the  flame  of  a  spirit-lamp^ 
the  n-notion  of  osmtnni,  viz.:  that  the  flame  is  render^  lumiiioni, 
86  if  from  the  burning  of  nleßunt  gas. 

Fused  with  nitre,  it  yields  more  fumes  of  oemio    acid  than  tlie 
former. 

Irite  is  infusible  B.  B.,  and  also  insoluble  in  oil  acids. 

Fiued  with  nitre  in  a  matrass,  oamic  acid  is  evolved. 

16.  OoLDt  An. 

Its  occurrence  in  the  mineral  kingdom  and  in  metallurffical 
products. 

Gold  is  almost  always  fonnd  in  natnro  in  the  metallic  state,  bat 
is  never  pure,  being  combined  in  every  case  with  other  metaU  in  the 
following  minerals : 
o.  With  gih'cr  in 
Kative  gold,  a  combination  of  An  and  Agin  indefinite  and  varying  pro- 
portions, so  that  it  eontains  from  Ü.16  bo  almost  40  per  cent 
Ag;  traces  of  Cu  and  Fe  are  also  sometimes  found  in  it,  Plin/j 
elcrtrum  was  gold  containing  one-fifth  silver,  according  to  Dana. 

b.  In  combination  with  mercury  in 

Gold  amalgam, — An  Hg*,  with  39.5  An,  and  (Au,  Ag)'  Hg*,  with 
36.G  Au  and  5  Ag. 

c.  Ib  combination  vr'iih  pnUadium  in 

Palladium -Gold,  porpezite,  from  Porpez  in  Brazil,  with  86  An,  41 
Ag,  9.8  Pd. 

d.  In  combination  with  rhodium  in 

Rhodinm-Gold  from  Mexico,  which  contains  34  to  43  per  csent.  Rh. 

e.  In  combination  with  teUnriiim  in 

Sylvanite  {graphic  tellurivm)^  according  to  the  analysis  of  Petz,  Ag 
Te  +  2  Au  ThV  with  59.6  Te,  20.5  Au,  and  13.9  Ag,  including 
very  small  quantitiea  of  Pb,  Sb,  and  Cn; 

Hessite,   |      . ,     .. 

Petzite,    [  ^»^««'»^«n 

Tellurium,  vide  tellurium. 
/.  In  combination  with  ttUuriumj  when  a  part  of  the  tellurinm  il 

replaced  by  antimony  in 
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rmierite  (*y?mni7^),— (An,  Ag.  Pb)  (Te,  Sb)',with  24.8  to  3D.6  An, 

a.7  to  14.6  Agiiud  2^5  to  J».ö  Pb. 
g.  In  combination  with  i-'Uurium  and  metallic  sa1]>hidG8  in 
?ttgjugitc,  vide  lead,  \\  258. 

h.  In  a  mineral,  the  conatitaents  of  whiebliave  not  yet  been  qoan- 
titativoly  determined. 

^hyllinglanzy  from  Deutsch- Pilsen  in  Hungary;  it  contains  Sb,  Pb, 
Tu,  Au  and  S,  with   traces  df  Se  and  Ag.     (It  is  apparently 
related  to  nagyagite.  Dana.) 
i.  As  un  accidental  ingredient  of  certain  iron  and  copper  pyriin, 
y^tispickeU,  and  blendes. 

Among  the  metallnrgtcid  products,  in  which  gold  forms  a  princi- 
pal constituent,  only  the  gold  amalgam  rfsiilting  from  the  amnlgama- 
tion  of  gold  orea  needs  to  be  especially  mentioned.  Gold  is  also 
fonnd  as  a  secondary  coustitnent  in  mnny  of  the  metallurgical 
products  from  the  smelting  of  auriferous  silver  ores,  which  haTe 
already  been  mentioned  under  silver,  viz.,  ßn^  silver,  brightened 
vgilveTj  raw  Uady  Rohstein,  lend  mnttt  as  well  as  in  the  speisx  from 
Ithe  smelting  of  auriferous  miflpickel. 

Examination  (or  Oold, 


Induding  the  bhivpipe  characteristics  of  the  minerals  belonging 

Itere, 

a.  General  examination  for  gold. 

When  combinations  of  gold  with  other  metals  are  fnsed  in  0.  F^ 
<m  coah  they  give,  pr'ovided  the  metals  combined  with  the  gold  are 
volatile  at  high  temperuturp,  a  coating,  e.  g.,  tellurium,  antimony, 
mercury,  and  lead.  The  mercury  may  aldo  be  separated  in  a  Diatmss 
or  closed  tnbe,  as  has  been  described  under  silver  amalgam,  p.  303i 
and  the  lead  may  be  removed  by  cupellution.  These  metals  being 
Bepara(4.'d,  the  gold,  if  free  from  nou-volatile  metals,  is  left  quit«  pnre 
»nd  may  be  recognized  by  its  gold-yellow  color.    If,  however,  it  con- 

t  tains  snch  metals,  e.  g.,  copper,  silver,  platinum,  palladium,  rhodium, 
etc.,  they  must  be  separated  by  particular  methods,  wliich  will  be 
presently  described. 

If  the  gold  contains,  for  example,  copper  and  silver,  which  can  be 
very  easily  ascertained  by  an  examination  with  9.  Ph.  iu  0.  F.  on 
ix»al,  the  alloy  must  first  be  cupelled  with  the  necessary  amount  of 
test  lead,  vide  quantitative  gold  assay.  By  this  means  the  copper  is 
entirt:ly  removed  and  an  alloy  of  silver  and  gold  only  remains. 
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When  the  hnttoD  ie  yellow  it  Hhuw^  that  the  uiiiouiit  of  »Ivrr  n 
iaconsidenible ;  it  is  t)ien  only  test<^  r>n  coal  witJi  S.  Ph.  iu  0.  F, 
by  which  a  beud  ie  obUiiied  that  asdunics  uu  opal-like  upin-ura: 
when  cool,  vieU  oxide  of  silver,  p.  108.  If  the  button,  huwtTir, 
rather  the  color  of  dilver,  the  amount  of  gold  in»y  )>c  smaller  ili 
that  of  the  silver.  In  ihi^  caw  the  button  is  put  into  a  jujixv 
dish,  a  little  nitric  acid  added  und  warmed.  If  Lhe  button  eouuui 
about  one-<iiiartcr  of  it«  weight  or  less  of  gold,  it  turns  blark  at 
and  in  ^radiiiiUy  decx)m])oek!d,  the  silver  being  dissolved  and  Uu 
remaining  behind,  black  or  brow q,  as  a  powder,  or  cohefeni  mi 
If  the  button  contains  more  than  one-quarter  it«  weight  uf  gvl 
it  is  also  colored  black  at  first,  but  no  solution  of  silver  Uiki-s  \i 
When  the  propurliun  of  Lhi^.  gold  io  the  siUcr  is  ubunt  equal, 
button  is  unchangeil  by  the  ucid.  In  both  of  the  latter  caae&  itnn 
be  fused  u»  coal  with  bomx  and  at  least  twice  it3  weight  of  »iln 
trap,  from  guld,  and  then  &iS^'m  treated  with  nitric  acid,  when  a 
feet  separation  will  onsue.  If  it  is  desired  to  unite  llie  gold  In  ■ 
button  it  must  be  well  washed  und  boiled  with  distilled  water  nad 
then  eitlicrfuiHHi  on  cual  with  bonu,  or  cupelled  with  a  little  U:^ 
lead,  as  nill  be  described  in  detail  in  the  gold  assay*  It  mnrt 
have  a  pure  gold-yellow  color  and  a  bright  anrface. 

A  gold  button  obtained  in  this  w^r  will  often  still  contain  t 
of  silver;  if  depiretl  perfectly  free  from  silver,  regard  must  bo  pn! 
during  the  parting,  to  the  directions  which  will  bo  given  under  the 
quantitative  assay  of  alloys  for  gold.  When  the  gold  contains  niotid« 
which  by  thi-mselvis  are  infusible  B.  R.,  such  as  plutiunni,  indium, 
palladium,  and  rhodium,  the  alloy  is  fusible  B.  R  with  more  diffi- 
culty than  pure  gold;  they  can  also  be  recoguiied  by  the  fact  that* 
when  such  an  uUuy  is  ilisäolved  in  aqua  regia,  any  iridium  rcmaiu 
behind  and  the  solution  possej^es  a  darker  color  ih:in  that  from  pure 
gold.  Tho  separation  of  the  above-men tionwl  metal:!  from  the  gold 
will  be  »{wcially  described  under  the  quantitative  gold  a^rsay. 

In  order  to  find  a  small  amount  of  gold  in  pyrite,arseQopyrite  and 
chalcupyrilc,  as  also  in  the  various  metallnrgicul  products  couKistiug 
of  metallic  sulphides  and  arsenides,  the  method  must  be  fuUowedt 
which  will  be  especially  describe!  under  the  quantitative  assay  for 
gold  in  the  atiove  ores  and  products. 

bo  Blowpipe  charaderisiiM  of  mineraU  containing  gold, 

Kativc  gold  fuses  on  coal  to  a  globule,  which  has  a  bright  surf) 
wl.Dn  cold.      The  color  of  the  globule  appears  purer  guld-yellov 
the  leas  silver  there  is  pi^eeent 
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Vith  S.  Pb.  on  coal  iu  0.  F.  a  bead  is  obtained,  which  opalesces 
I  when  cool,  owing  to  the  oxide  of  silver  dissolved. 

OoM  amalgam  heated  in  a  nmtnisa  yields  metallic  mercury  and 
^leaves  behind  a  spongy  ma^s,  which  melted  on  coal  with  borax» 
Junitcs  to  a  gold  button,  containing  u  small  amount  of  sitvcrf  and 
lliuving  tbt-rofore  a  pule  guld-yelluw  color. 

Paliadiiim'gald  &ud' /ihodium-</(tf(L — Of  the  behavior  of  these  two 
minerals  B.  B.  it  is  only  known  that  they  futie  on  coal  and  form  a 
mulleable  alloy.  For  the*  treatment  of  such  alloys»  viae  general 
axami nation  for  gold. 

GOLD   tS   COUfilN'ATlO»    WITH   TKLLURtl'M. 

Sylvaniie. — Acoonling  to  Rerzeliiis,  it  gives  in  an  open  tnl»e  wliit« 

fumes,  wliich,  near  the  assay,  are  gray  from  the  gnhlinied  telhirinm. 

^When  the  flame  is  directed  upon  Mie  eublimate  the  latttrr  meltfi  to 

Holeur,  tmngparent  drops;  it  smells  acid,  but  without  the  least  trace 

^h^^  horse-radish  odor. 

^B^n  coal  it  fuses  to  a  dark  gray  metallic  globule,  and  ooute  the  coal 

^Kwith  white  fumes,  uhi^h  disappear  with  »  ldnish-gn*eu  flame  when 

touched  by  the  U.  F.     After  continued   tivatraent,  a  light  yellow 

nietallic  butUm  remain^«,  which  ^low«:jii;it  before  it  solidifies.     The 

Iporfeclly  bright  button  when  cool  is  malleable. 
Müllerite  {sylmtiik)  behaves  in  lli«  ü|um  tube  like  the  preceding 
mineral. 
On  coal  it  fuse«  easily  to  a  globule  and  coat8  the  coul  witli  the  tel- 
lurium fumes,  which,  touched  by  the  R,  F.,  are  drive»  off,  imparting 
a  bluish-green  tinge  m  the  flame;  then,  after  further  tri'atnient,  a 
jellow  coating  of  oxide  of  leud  is  formed,  and  Ünully  there  remains 
a  metallic  button,  which  has  the  color  of  silver,  but  whicli  cannot  be 
Bdissolred  in   nitric  acid.     When  fused   with   twice  its   weight  of 
chemically  pure  silver,  and  again  treated   with  nitric  acid,  nil  the 
ailver  is  difuolved  and  a  condiderable  amount  of  gold  remains. 
■      PkyBi7iglanz. — In  a  closed  tube,  at  a  gentle  heat,  the  mineral  is  u<ft 
altered ;  with  a  stronger  heat  it  fuses  and  gives  a  trifling  white  sub- 
I      limate,  wliich,  however,  cauuot  be  again  volatilized- 
B      In  the  ojh'n  tube  with  a  gentle  lieat,  it  fuses  only  imperfectly,  but 
BcTolves  sulphurous  acid  and  a  white  smoke,  which  coats  the  glass 
B  ^l^i^^' V   near  the  ussay,  has  (he  ai)pearance  of  a  oomliination  of 
oxide  of  itutimoiiy  and  untimonic  acid,  and  incivuees  with  a  stronger 
heat,  by  nhich  the  mineral  is  fnsed  to  a  globule.    The  fnsed  assay  is 
[«nrrfinnded  by  a  hmwn  gliiss,  which,  on  the  edges,  is  translncent  and 
\nt  a  yellow  colur. 
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Alone  on  eoul  it  fnses  very  easily,  sproads  ont  and  volatiliso»^  laar- 
ing  a  few  very  small  &oatt«tvd  gold  buttons,  and  afTurds  a  scansel; 
peroeptible  odor  of  selenium.  A  wliite  coat  is  uUo  formed,  vbicb 
distippeat-s,  when  touched  with  the  flume,  with  a  greenish-bine  ting^ 
leavinjr  behind  yellow  spots.  The  white  coat  accordingly  conerisU 
principally  of  a  mixture  of  oxide  of  antim<my  und  sulphate*  of  leal 

Treated  with  borax  on  coal  in  0.  F.,  a  white  antimony  ooal  ii 
formed,  which  hasu  however,  a  dark  yellow  border,  thns  proving  that 
some  ti'llurium  is  present.  The  remaining  metallic  button  poBLsea» 
the  lustre  and  c<dor  of  pnrc  gold.  The  boi-ax  bead  appears  colorlea 
and  is  perfectly  transparent, 

e.  Examination  for  gold  in  metaUurgical  products. 

All  thai  is  to  he  noticed  in  the  examination  for  gold  in  m^taIln^ 
gical  products  can  be  found  under  the  general  examination  for  gold. 

17.  TlTANIUMr  Ti. 

Iti  occurrenct  in  the  mineral  hingdom  and  in  meiallurgtcal 

products» 

Titanium  is  found  in  nature  only  in  the  oxidized  state. 

a.  Aa  acid,  alone,  in 

Octahedrite,   brookite  {arhan6ite)^  and  rntile, — Ti,   with   60.1  TI; 

these  minerals  often  contain  small  quantities  of  T^,  Stu,  and 

sometimes  Sn. 
Ihnettorutile  is  a  modification  rich  in  iron. 

b.  As  acid  in  combination  with  earths  and  metalUe  oxides  in  the 
following  minerals : 

Perofäkite,  titjinite,  and  scholomite,  tnde  lime; 

Polymiguite,  polycrase,  wschynite»  enxenite,  and  yttrotitanite,  vidi 
•       yttria ; 

(Erstedite,  vide  zirconia; 
Tscheffkinite  and  masaudrite,  vide  cerium; 
Mcnuccariite,  t^ide  iron. 

Titanium  uUo  forms  a  small  and  unessential  ingredient  of  a  l^v 
other  minerals,  which  have  already  been  mentioned. 

Titanium  occurs  in  metallurgical  products: 

a.  In  combination  with  cyanogen  and  nitrogen,  partly  crystnllised, 
in  certjiin  hlast-fiirnacc  sla^s,  as  small  copper-red  cubes,  which,  ac- 
cording to  W  uhler,  are  composed  of  Ti  C  N  +  3  Ti'  X,  with  T8  Ti. 
18.1  N,  and  3.4  C,  or  10.3  cyanide  of  titaninm  and  83.8  nitride  of 
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I  titanium,  and  partly  in  more  or  less  «dhereut,  irregularly  shujH'c] 
I  bodies  iu  the  bears,  which  form  wbeu  blowing  out  iron  1il;idt-funia~ 
i-oes. 

Ä.  According  to  Kersten,  ccvtnin  Miist-fumace  siags  also  owe  their 
ßne  bluo  color  to  a  small  arauunt  til'  oxide  of  titaDimn. 


BxamioaUon  for  TJUalum. 

IZneludinff  the  blmtfpipe  characterijtlic^  of  the  minerals  belonging  here. 

tu  General  eotnminaiion  for  fUnnhtnu 

Minerals  connisting  principally  of  titanic  acid  ran  be  very  easily 
frecognized  from  their  behavior  with  the  fluxes  and  sod*  vide  titanic 
lacid,  p.  110.  When,  however,  the  titanic  acid  ie  combined  with 
i^baseBs  or  in  general,  with  earths  or  mctjillic  oxides,  it  is  not  ulwnys 
^possible  to  recognize  it  iranie<liately  by  means  of  the  fluxes,  liecause 
(certain  of  the  basic  cotiBtitnents  hide  the  reaction  of  titanium. 
[When,  besides  titanic  acid,  only  the  oxides  of  iron  are  present  in 
Ltnixiorat^  qitantitie»,  the  presence  of  the  farmer  can  b'*  jirovpil  by  its 

behavior  with  S.  Ph.  in  B.  F.,  if  it  is  known  that  tnngsten  is  not 
[present ;  the  l>ead  becnmrs  dark  on  cuoliog  ftnd  more  or  less  brown- 
jish-red.  If  the  nmount  of  titaninm  is  large  a  violet  color  cjin  be 
[obtained  in  S,  Ph.,  when  treated  in  R  F.  ou  coal  with  tin. 

According  to  Riley  '.  Quart.  Jour  tu  of  t/w  ChetiK  Js'or^  XIU  13  ; 
^also  Erdnu  Jonrii.  Vol.  LXXIX.,  p.  64),  it  is  better  to  n«e  a  piece  of 
I  mdallic  üinc  instnid  of  tin.  when  the  umonnt  of  titanium  in  the  sub- 
tfitancc  is  vr-ry  small  and  when  the  viulet  color  dues  ii"i  niuki.*  its 
Isppearance  distinctly. 

Tn  complex  substances»  wliich  give  no  decisive  reaclinn   lor  litii- 

niiira  with  the  fluxes,  a  small  amonnt  of  the  same  may  be  detected 
|iii  the  following  «uy:  the  fineJy  pulverized  BtiljRtance  is  fused  in  a 

plutinnni  spoon  at  a  moderate  red  heat  with  six  to  eight  times  its 

weight  of  bisulphate  of  potiissa,  the  mixtnre  being  melted  in  small 
[  portions  at  a  time.    The  mitüB  is  then  dissolved  in  jnatsufllcient  water 

in  a  porcelain  Hish  over  the  lamp  and  the  insoluhlc  part5  allowd 

(o  »ettle.     The  solution,  if  concentrati*d,  may  be  hiKted  to  boiling. 
The  clear  solntioo  is  tlien  poured  into  a  larger  dish,  mixed  with  a 

few  drop«  of  nitric  acid,  diluted  with  at  least  six  times  as  mnch 
firater,  and  then  boiled.  If  the  substance  cout^ned  titaninm  the 
|llatt*^r  is  dis.'iidved  by  the  fu:5iou  with  bisulphatjc  of  potjissaund  treat- 
Iment  with  water,  but  is  precipitated  from  the  acid  solution  by  oon- 
Ltinned  boiling  as  white  titanic  acid.     If  the  solution  is  not  acidified 
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with  nitric  acid  before  boiling,  u  yellow.  fürrug'Lnous  titanic  acid  if 
ohUiined,  whf^n  the  subeiance  cootaiiis  imn.  Tlie  precipitated 
titanic  acid  is  oolt(;ctcd  upon  a  sniiill  filtor,  washod  witli  water  con- 
t-aining  nitric  acid,  nod  tested  with  8.  Pb^  eittier  on  pUtinum  wircur 
CüaL  If  the  amount  of  titanic  acid  is  so  gmall  that  in  B.  F.  it  does 
not  im|Hirt  to  the  S.  Ph.  the  violet  color  of  sesqiiioxide  of  titaniaoi, 
it  is  only  necessary  to  add  a  little  sesquioxide  of  iron^  when  thf  afba; 
is  npon  a  wire,  or  a  small  piece  of  iron  wire  when  on  coal,  and  to 
fuse  the  gtusa  for  a  short  time  with  the  B.  F.;  it  then  appears  rel- 
lowish  wliile  hot  and  brownish-red  wheu  cool,  p.  110. 

If  compounds  containing  zircunia  with  titunic  acid  are  fnaed  with 
bisnlpbate  of  potassa  and  the  mass  treated  with  water,  a  part  of  tl» 
titanic  acid^s  apt  to  remain  undi&snlved  wiih  the  zirconla;  of  this 
extended  mention  has  been  made  under  ytiria,  p.  I8S. 

b.  Blowpipe  (Jiftracteristics  of  minerals  containing  titanium, 

Oetahedrile,  brookite  (arkansite),  and  rutik  are  infusible  B.  B.  Id 
the  flaxes  and  with  soda  they  behave  like  titanic  acid,  vide  p.  U0> 
It  need  only  be  ri;niarked  that  they  dissolve  in  S.  Ph.  with  mora 
difficnlty  than  the  pure  artificial  titanic  acid,  and  also  that  the  ouKm 
produced  by  titanic  acid  in  boru.t  and  S.  Ph.  have  Homotimcs  a  dif- 
ferent apiM'arunce,  owing  to  a  small  admixture  of  other  nietallio 
oxides,  as  iron,  and  that  with  soda  and  nitre  a  reaction  of  maop* 
nese  is  often  obtained. 

c  Behavior  of  tiianivm  occurring  in  meiaUurgicäl  products. 

The  titanium  which,  combined  partly  with  cyanogen  and  partly 
with  nitrogeu,  is  found  crystallized  iu  bla^t-furnace  slags,  or  only  u 
an  admixture  in  bears,  ie  dissolved  in  borax  with  difBcnUy,  but  with 
moderate  ease  in  S.  Ph.  Even  from  the  pnrest  portions  no  violet 
color  is  obtained  by  dissolving  it  in  S.  Ph.  and  treating  in  B.  F. 
The  cold  glass  always  has  a  more  or  less  intense  brownish-red  color, 
owing  to  the  presence  of  iron.  Even  on  treating  the  glan  vith  tin 
no  violet  color  is  produced. 


18.  Tantalum— To,  and  Niobium  (Cohticbittm)— Nb. 

Tliese  metals  occur  only  as  acids  combined  with  bases,  nod  are 
found  in  the  following  minerals  : — 
Tantalile.  columbite,  vide  iron; 
Pyrochlore,  mde  lime ; 
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Tttrotfiiitaltto,  hiolm'tC«,  fergiisouit*^,  samarskite,  tyritc^  sescbynit^, 
|«nxenite,  pulycraae,  vide  ytfcria; 
WOhlerite,   euoolitCt  vide  ztrconia; 
Wolfipamit*?,  vide  iron ; 
Casflitcrite  (cwrtaiu  varieties),  vide  tin. 

Ezaraination  for  Tantalam  «ad  NioUam  * 

Tlie  most  certain  method  of  recogniziiij;  these  nietaU  In  very  com- 
plicated combiiiatious  is  the  same  as  titat  jihvadv  giv».Mi  under  yttria, 
p,  188,  A  fiuffioient  amount  ol"  tht*  very  finely  jwwdered  minei-al  ie 
fused  with  bisulplmt«;  of  potassa,  ami  tliü  fused  mass  disäulved  in 
water,  after  being  pnlverizewl.  If  Ihu  raineml  contains  one  of  the 
aboTe  ooids,  u-ith  perhaps  tnugsllc  acid  also,  these  are  scparnt^-d  by 
the  treatment  with  water,  while  any  titanic  acid  present  ilitfwdvejj, 
together  with  the  ba^'s.  The  residue  may  be  either  fused  with 
curlK>nate  of  pnUissa,  p.  189,  or  if  free  from  titanic  acid  and  zirconia, 
trcate^l  at  once  with  si.i]]>hide  of  ammuuium,  to  «eparute  tlie  tnng- 
stic  acid  and  oxide  of  tin.  After  filtration  and  thop^ugh  washing 
the  residnu  is  treated  on  the  tilter  with  dilute  hydrachlai-ic  acid,  to 
remove  tniceä  of  ii'ou,  und  is  then  examined  for  tauuUtc  or  niubic 
»cids. 

The  examination  may  be  mnd«  either  with  the  ghiss  fluxes  and 
cobalt  solution,  or  with  hydrochlurie  and  sulphuric  acid^t,  and  the 
addition  of  metallic  tin  or  zinc.  [KammeUberg  {Pogg.  cxxxvi^ 
177,  et  4^.)t  gives  the  following  distinctive  reactions  of  tantalic  and 
uiobic  ucids. 

If  hydrochloric  acid  and  zinc  are  added  to  a  solution  of  a  taiita- 
late  of  an  alkali  no  coloration  results,  unless  a  large  amount  uf  acid 
is  added,  when  there  entsues  a  feeble  bluish  coloratlun.  if  niobate  of 
an  alkali  is  similarly  treated  with  hydrochloric  or  sulphuric  acid  and 
then  witli  xinc,  the  separating  niobic  acid  rapidly  assumes  a  tine  blue 
color,  which  i;nuiuully  bwomes  paler,  and  then  brown;  the  Huid  la 
then  also  brown,  and  vieldu  a  brown  precipitate  wiib  ammonia. 

B.  B.  tantalic  acid  yields  cülorltss  glasses.  B.  B,  niubic  acid, 
obtained  by  decomposition  of  the  chloride,  yields  with  S.  Ph.  in 
O.  F.  a  culurliyns  glass;  wbicli  in  E.  F.  is  violet  or  blue  (with  larger 

H       *  It  tws  tioen  dcfiniieljr  KttJ«l  tbni  the  mriid  dimnium,  wbk-h  von  KotwII  ibuuffhi 

^   ho  Iwd  discoTeiwI  iii  «rtiiln  tnincmU  (viz. :  «Knar»kJt-!,  eusciiiie.  eic),  iluus  not  cxirt, 

■nJ  it  >«  llwrefwre  hi.-re  omilt«!,  although  reialncd  in  the  G^roimi  wlition.     A-*  n>}!srd> 

;hp  mrent  ravuiigRtJoui  of  rhe  acitl«  of  tAiilftlupt  «nd   niDbhira.  ««  ilie  cml   uf  thi« 
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qtmiitities).    Nioläv  acid  separated  by  fusiou    witli  bisalphate  of 
pottiasji  yields  u  brown  glass  under  the  Rame  circnmstAQCC«.  TranaL] 

The  oxaiuiiiatiuu  Tor  the  respective  acids  may  also  be  made  after 
fueing  the  subi)t;knce  in  fine  powder  with  carbonate  of  potassa. 
Titanic  acid  baa  uo  iujurious  effect,  becaiist'  the  reauUiug  titauaio  of 
poiassa  is  but  slightly  auluble  in  water. 

The  fusion  i»  performed  eillier  with  separate  portions,  up.^n  actont 
platinum  wire. or  more  conveniently  in  u  small  platinum  crucible  ui' 
thf  Kuue  8ba)>K  ui^  llie  chiy  crucible,  Fig.  :;?8.  p.  *J3.  wliich  is  set  in 
a  square  coal  and  hfuted  aä  strongly  as  possible,  as  is  di-scribed  under 
the  qiianlitative  assay  fur  lead.  I'ive  or  six  volumes  of  carbonate  of 
potas^a  are  employed,  with  the  addition  of  on»  volume  of  uitr^ 
when  the  bases  are  at  a  low  stage  of  oxidation.  The  fusi*d  masa  is 
tavsated  with  hot  water,  the  solution  (which  is  almost  always  cxilorcd 
more  or  less  green  by  mauganes«)  filtured  off,  and  treated  with 
liydrochlorie  acid.  Tlte  precipitate  of  tlie  metallic  acid,  whtoh  it 
generally  of  a  reddish  tinge  owing  to  the  presence  of  some  manga* 
nese,  is  filtered  out,  treated  with  sulphide  of  ammoninm  if  lung- 
stic  and  molybdic  aelds  are  prracnt.  and  the  examination  theo 
conducted  as  above. 

Tantjtlic  acid  may  be  furtlier  recognized  by  the  following  rractioo. 
The  donbtful  acid  which  remains  after  the  fusion  with  bivulpbat« 
of  potussu,  is  mixed  with  five  volumes  of  carbonate  of  potassji  and 
fused,  either  in  the  plarinam  crucible,  aa  above,  or  on  platinom 
wire,  to  a  clear  mass,  and  this  is  dissolved  in  hot  water,  afTonliug  I 
clear  solution,  from  which  the  resiwctive  metallic  acids  are  thmwn 
down  by  hydrochloric  acid.  Upon  lulding  tincture  of  galls  to  Ilia 
solution  the  white  precipitate  assumes  a  light  yellow  color  if  con- 
Btsting  of  tantalio  ucül,  whil?  in  presence  of  niobic  acid  it  become! 
orango-yellow  or  orange-red. 

If  one  of  the  compounds  here  included  contains  siliein  acid,  the 
examination  is  cr)ndnnt*?d  us  above  described  (p.  194  and  195),  for 
the  decomposition  of  wohlerite  and  endialyte,  which  can  be  decom- 
posed by  hydrochloric  ucid. 

Shonid  the  compound  not  be  tlecompoücd  by  hydrc»chloric  acid,  it 
mufit  be  fused  with  rkIu  and  borax,  p.  113,  the  fused  mu^s  (.•rapo- 
rated  to  dryness  with  hydrocliloric  acid, and  then  ti-cated  with  water. 
The  ri'sidueof  lu^ids  is  then  to  he  washed  with  acidnhit^il  water  on 
a  filt4*r,  dried  and  fused  with  five  volnmea  of  curlionale  of  potassa, 
aa  before;  the  heads  are  pulverized  and  further  trt'aie<U  as  above. 
The  reactions  fur  the  acids  in  {)uestion  are  in  no  way  injured  bj  th« 
presence  af  the  silicic  aeid. 
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pfoTB. — In  the   foregoing  pages,  as  well  as  in  the  tables  (p.  95, 
et  »eq).,  the  uld  formulu»  lor  the  unids  of  tantulum  aud  iiioI>iuni  have 
been  retuiiit^;    the  recent   iuveatigationa  of    Marignac   aud  iJlom- 
r  fltraud,    liowercr,    ludicate  that  there  are  only   two  acids,  taritalic 
arid  und  niobic  aüid,  and  that  U.  Hose's  hyponiubio  acid  is  identi- 
cal with  niobic  acid.     The  furtnulau  for  the  ucida  arc  Mb  O*  and 
iTttO*;   Marignac  gives  the  e({U)valeut  of  niobium  as  ^i  (H  =  1), 
lud  the equivaleut  of  tauUlum  is  given  us  182.    Tran^.] 

10.  AxfjHONT,  Sb. 

lis  oeeurrettce  in  Uie  mineral  kingd&m  and  t»  meiaUurgical 
products. 

This  Qietjil  is  fonnd  in  nature — 
^     ^<  1q  the  metallic  ilate,  ali^iie,  in 

f  NatiTe  antimony,— Sb,  nsuully  containing  Ag,  Fc,  aud  As. 
b.  In  combination  with  other  meials,  \u 

Breitbauplitc-,  vide  nickt.>l ; 

Ällemüiiiite  {arsenical  antinuiny), — Sb  As",  with  31.8  Sb;  a  variety 
^         from  the  Palmbaum  mine,  near  Miirienht-rg,  gives  the  foritiala 
^P         Sb  As",  with  8  8b  ;  it  i»  »n  untinionial  arst-iiic. 
HDyacRkiite,  vide  «ilver. 

I         c  In  combination  with  sulphur,  alone  and  also  with  other  mtiallie 
1     tulphidesj  in 
■  Stibnite,  {j^ratf  antimony,) — Sb,  witli  71.4  Sb; 

Berthierite,  whicli  varied  somewhat  in  its  composition;  the  variety 
Ixoin  An^lur  in  the  DepL  delaCrtusc,  that  from  Arany>Idka  and 

Ptfaat  from  BnLuusdorf,  have  the  formula  Fe  8b  with  60.6  Sb;* 
that  from  Chazelles,  in  Auvergne.  correeponds  to  the  furmnla 
iVSo'  with  51.3  8b; 
Ullmunnit«,  vide  nickel; 

IBonmonitc.  7.inkcnit4>,  plagionite,  jamesonite,  meneghinite,  feather 
ore.  bonlangtrite,   gcin^ronite,   kilbrickenite,   sleinmanoitef  kt>- 
Ix^llite,  and  clayite,  vide  lead  ; 
Chill  cost  ibite,  tetrahedrite,  aftonite  and  wOlchite,  vide  oopjier; 
Stepliauite,  polybusite,  pvrargyrite,  pyrostilpnite,  miargyrite,  freico- 
B  iebenite,  brongniardite,  freiborgite,  vide  silver. 

™      rf.  In  a  Cfjmbiuatiou  of  sulphide  and  oxide  of  antimony^  in 
Kermesite  {red  antimony), — 'i  8b  +  5b,  with  75  Sb. 


r    •  The  nuleiv  fmm  UdltinMjorf  contains  2.5  per  cent,  mmiin'neae  and  rvrmpondt 

■   I         r  III  '  I        III     ^ 

•a  tlw  fermulil  (Ft-,  Mn)  .SI»;  r»i«  flwitr  fotittil  fur  (hv  innH'  iIk-  ümiitila  Fe'  SU*. 
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e,  lu  the  oxidized  stale  iu 
Vttlenliaitc  aud  seuurmoatitc, — Sb,  with  83.3  Sb; 

Cervantite, — Sb  Sb  with  79.0  Sb;  stibiconite  {antimony  ocAr^^pU) 

Sb  0'  +  fl,  with  74.5 Sb ;  a  Vttriety  IVüm  Coustantine,  §b  +  4  A, 
with  GI.3  Hb. 
Partzite,  früiu  Mouo  Co.,  CaU  appears  to  be  bydrons  oxido  of  aiiti> 
mony,  with  vaiions  metallic  oxides,  according  to  Bluke.    Areoü 

obtaioed  47.G  Sb.     Sfeie/eliUifc,  from  Nevada,  appears  to  be  very 
similar.     St«ttfeldt  found,  ad  a  mfim  from  two  analyses,  43.77 
Sb  0*,  33.7  Ag,  12.7  Cu,  and  also  S,  Fe  and  Ü.    (Dauu.) 
Volgerite  {antimony  ochre,  pL),— Sb  0'  +  5  fl  (Dana). 
/.  Iu  oombiuatLon  wilh  e<irthH  aud  metallic  oxides  iu 
Romeik-,  vide  lime,  and  in 
BiiidiieimiLe,  vide  lead. 

lu  metallurgical  products  antimonv  only  forms  an  essential  ingr«* 
dient  in  the  sulphide  of  antimony,  Sb  exti'acte<l  by  liquation  ;  uft 
Becoudary  constituent  it  is  found  iu  ät.'verul  product«  from  leud  aud 
ailver  smelting,  when  the  smelted  or  amalgamated  ores  were  stibif- 
erons  silver  or  lead  ores,  or  were  not  free  from  an  admixture  of 
stibnite,  Heif  ai-e  to  be  specially  mentioned: 
Haw  leud  and  lead  reduced  from  abstrich,  vide  lead; 
Retort-silver,  vide  silver; 
Baw  mult,  lead  matt,  copper  matt,  furuace  crnst,  vidv  imu,  in  whiefT 
pnxlucts  the  antiniouy  is  present  as  S*b;  also  absug  nuu 
abstrich,   vide  lead,  which  producta  contain  the    antinmny  tf 

aatimonic  acid  Sb  combined  with  oxide  uf  lead. 
Besides  these  products,  there  are  several  others,  which  som«!time8 
contain   small   (luaiitities  of  antimony,  as  certain    kinds  of  tiluek 
copper  and  spcLss,  and  the  litharge  that  is  ubtuiued  ü\)m  the  cupel* 
lalion  of  lead  Cüiitaining  autituony. 

Examination  for  Antimony, 

Including  the  blowpipe  characterislicg  of  the  mtTterals  belowfing 

here» 

a.  Getieral  examination  for  antimony. 

The  examination  für  antimony  is  vt^ry  simple,  and  'a  often  limited 
to  a  test  of  the  substance  on  coal  or  in  an  open  tnbe. 
Alloys  arc  generally  tested  ou  coal  and  the  antimony  reoo^iized 


I 


p 


the  coat,  which  it  deposite,  via«  behavior  of  antimonv  od  coal, 

67 

If  the  antimony  is  combined  with  metuls  wliich  also  give  a  coatiug 
on  r«>al,  a  coating  of  oxide  of  antimony  is  formed,  it  is  true,  that  is 
vistbk*  vben  the  amount  of  antimony  is  not  too  small,  but  the 
nsiially  less  volatile  coating,  that  is  at  the  same  time  formed  hy  the 
other  metals,  appears  sometimes  changed  in  color,  as  is  tliecaäc*  with 
kad  that  contains  antimony,  p.  263.  If,  however,  such  a  comhina" 
tioQ  is  treated  with  a  little  vitrified  boraoic  acid,  so  that  the  iused 
glass  is  covered  with  the  blue  flame,  the  metallic  button  remaining 
on  the  side  of  the  glass,  the  lead  is  dissolved  by  the  bonicic  acid  a4 
oxide  and  a  cuatiug  of  pure  oxide  of  aulitnony  is  furmed,  if  too 
mach  ht-at  is  not  applied.     The  method  is  Che  same  for  bismuth. 

If  the  antimony  is  combined  in  small  amounts  with  metals,  such 
HS  copper,  from  which  it  can  only  he  separated  with  diflieulty.  uo 
coating  is  formed  by  n  slow  voliiti1i7.»tinn;  such  an  alloy  is  treated 
on  coal  in  0.  F,  with  S.  Ph.,  until  a  part  of  the  antimony  hna  been 
oxidized  and  taken  up  by  the  glass,  which  is  then  separated  from  the 
metallic  button  and  treated  in  U.  F.  on  another  part  of  the  C(«il  with 
tin.  It  is  then  observed  whttlier,  upon  cooling,  it  assunu-s  an  upatjue, 
darb-gray  or  black  color  from  which  the  jiresence  of  antimony  may, 
in  mnst  cases,  be  distinetly  recognized,  p.  99.  Since,  however,  a 
portion  of  the  metaU  combint^d  with  the  untiniuriy,  if  they  are  oxi- 
dizable.  are  aUo  oxidized  and  taken  up  by  the  glas-s  it  musi  be  con- 
sidered what  cx>lors  these  oxides  impart  to  the  glass  when  treated 
with  tin.  Especial  regard  must  be  jwid  to  this  jwiut  wlivu  bismuth 
is  present,  for  its  oxide  l)ehavi'S  in  S.  Ph.  almost  the  same  ti8  the 
oxides  of  antimony,  pp.  99  and  100.  If  therefore  both  metals  are 
present  together,  combined  with  a  third  meial,  tlio  examinutinn  in 
S.  Ph.  is  not  decisive  ;  in  this  ease  a  larger  aswiy  piece  must  Im?  used 
and  the  point  decided  by  examining  the  coatings  very  carefully,  or 
the  wet  way  must  be  resorted  Uk  In  the  latter  case  the  alloy  h  dis- 
solved in  aqua  regia,  the  solation  mixed  with  ammonia  in  excess, 
and  the  metals  precipitated  as  sulphides  by  gnlphide  of  ammonium, 
in  which  some  sulphur  has  b^n  previously  dissolved.  The  preoini- 
tated  sulphide  of  antimony  is  then  rwlissolved  by  heating,  the  solu- 
tion dilute<l  with  water,  (lltered,  and  the  sulphide  of  antimony  pre- 
cipitalt^d  by  dilute  hydrochloric  acid  and  collected  on  a  filter.  When 
dry  it  is  either  tested  on  coal  or  in  an  open  tube. 

In  the  i-xamination  for  copper,  p.  293,  it  was  observed  that  when  a 
liead  ol  S.  Ph.  containing  oxide  of  copper  is  treated  for  a  short  thne 
on  coal  with  Uu,  it  becomes  opiuiue  and  red,  but  afterward  quickly 
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dark-gniy  to  black  if  it  coiilaini'd  oven  n  entail  quantitj  of  antimoii; 
Ae,  ihrij,  u  l>«'itd  of  this  kind  bicümes  rvd  wh«u  cjoI  only  aft^ir  a  lo: 
oontiiiiied  treatment  in  the  R.  F.,  a  snmll  umonnt  of  antimunv,  e 
in  cupper,  can  be  eaeily  detected  by  au  exuiniiiatiuu  with  S.  Ph. 

Hetallic  sulphides  aro  examined  for  anlimonj  partly  on  coal,  parUr 
in  an  oiH;n  tubo. 

According  as  the  sabetanc«  is  rich  or  poor  in  enlphide  of  untimoor, 
Üiere  arc  furnied  in  the  tube,  besides  Bulphurous  acid,  more  or  ]m 
antimonini  fume«,  which  are  de[HiBiLed  in  the  foriii  of  powdrr  npuo 
the  gliks^  I'lirrly  ae  oxide  of  antimony,  and  partly  as  a  comhiniiciua 
of  oxide  of  antimony  and  antimiinio  acid.  The  former  is  fartb 
fi*oui  tlio  aaeay  and  can  be  driren  from  place  to  place  by  heating: 
part  of  it,  huwevtr.  is  apt  to  be  oxidized,  at  the  exponise  of  the  lur 
thai  Ihiwä  thruiigh  the  tnlie,  to  a  oomhination  with  antimonic  »eiii 
whieli.  like  that  deposited  npon  the  nmler  side  of  the  glaas  n^ar  tl 
assay,  can  n^'itlier  be  vulatilized  nor  fused.  When  the  amuimt 
auliinuny  is  incont^idomblc,  the  oombinaliüo  of  tho  two  oxides 
almost  exclusively  formed. 

If  the  substance  contains  eiilphide  of  lead,  as  veil  as  sulphide 
antimony,  thick  fnmes  are  evolveil,  but  only  the  smaUent  part  of  the 
iqiine  is  d('{H>t4ited  an  vulu.tile  oxide  or  antimony.  U  is  ctianged  fur 
the  most  part  to  a  combination  of  oxide  uf  antimony  and  uutimoitio 
acid,  which  is  mixed  with  sulphate  of  lead,  and  near  tlie  assay  with 
antimonate  of  Utul,  aucl  which  cuu  not  be  vuUtilized. 

IX  the  Buhstanoe  contains  arsenic  it  is  observed  thai  when 
assay  is  only  heated  a  short  time,  a  mixtare  of  pulvernlent  ctxide 
antimony  and  crystalline  iirtkfuons  acid  is  deposited  upon  tho  glnafc 
If  a  mixture  of  sulphide  uf  are^nic  and  stilphido.  of  antimony,  in 
whicli  the  quantity  of  the  latter  is  small,  is  to  be  examined,  it  is  pi 
into  a  closed  tuL>e  and  the  sulphide  of  arsenic  snhlinted  hy  a  gen 
heat,  the  greater  part  of  the  sulphide  of  antimony  r^'maininjr  heliiod 
and  huvinj»  a  black  color.  The  lower  part  of  the  tube  is  then  cut  oft 
and  the  sulphide  of  antimouy  taken  ont  and  tesietl  in  an  open  tuba. 
As  a  perfectly  decisive  result  is  obtained  in  this  way.  this  lest  i 
recommended  for  the  examination  of  the  mixture  of  the  sulpbii 
of  arsenic  and  antimony,  which,  in  qualitative  analysis  of  compuni 
substances  in  the  wet  way,  is  separated  by  hyilrueulphuric  aciil, 
precijiitated  hy  acids  from  a  solution  of  sulphide  of  ammoniuni. 
must,  however»  be  previously  dried  thoroughly. 

The  examination  of  metallic  sulpliideä  for  antimony  qui  also 
place  on  coal,  l>eoauMe  the  (Mating  of  oxide  of  antimony  can  ba 
distinguished  from  othera  that  are  similar. 
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If  the  substance  conUiinfi  ursenio  this  ia  first  volatilizod  by  a  weak 

j  flame,  provided  it  is  present  in  not  too  small  an  amount  and  not 

^oombined  with  nickel  or  cobalt;  the  coal,  far  distant  Trom  rhe  assay, 

llfi  covered  with  a  whit«  coating,  which  is  grayish  in  the  thinner  pitrts, 

I  p.  67.     If  no  arsenic   is   pi'caent  a  thin   coat  of  aniimuuy  is  often 

deposited.     When  no  more  arsenical  fumes  are  observed,  the  cjwt  of 

.arsenous  acid  is  driven  off  by  a  gentle  Üame,  without  igniting  the 

pjool,  in  order  to  obtain  a  clean  surface  upon  which   the  antimony 

Fcoat.  formed  by  a  further  lieating  of  the  assay,  can  be  recoguized  by 

its  behavior  when  louched  with  tlie  R  F.,  p.  r»7.     If,  however,  the 

substance  contains  lead  or  bismuth,  a  white  coat  ia  formed,  which 

consist«  of  a  mixture  of  oxide  of  antimony  and  sulphate  of  lead  or 

bismuth  ;  near  the  assay  a  yellow  coat  of  oxide  of  lead  or  bismuth  is 

also  formed,  which,  however,  contains  antimony.    The  method  for 

k  detecting  with  wrtainly  the  presence  of  antimony  in  snch  substan- 

pceä  has  t>een  s^iecially  iles(rri))i-d  in  the  general  exuniiniitioii  fur  k^ud, 

p.  262.,  9t  wj.    The  method  described   there  refers  principally  to 

I  subsUinocs  containing  lend ;  it  can,  however,  be  employed  also  for 

leubätiinees  tlmt  contain  bismuth. 

When  die  substance  conLiins  zinc  there  is  also  deposited  on  the 
^Cuttl,  near  the  assay,  a  coat  of  oxide  of  zinc,  which,  however,  can  be 
easily  distinguished  from  an  antimony  coal  by  not  being  volatilized 

I  in  the  outer  (lame,  while  the  oxide  of  antimony  can  be  driven  from 
place  to  pliK-e,  or  almost  entirely  volatilized. 
Sabstauces  which  contain  antimony  as  oxide  are  best  tested  on  coal, 
either  by  theipselves,  or  still  better  in  the  R.  F.,  with  the  uddition 
of  soda;  the  antimony  is  reduced,  Vü]atili»ed.  and  again  oxidised, 
fonning  a  coat  on  the  coal.  When  oxide  of  lead  is  to  be  tested,  a 
]mrt  of  which  is  combined  with  antinionicaeid.  abstrich  forexamjile, 
the  blast  must  not  be  too  cwnUnuous,  or  else  there  will  be  txwi  much 
lead  driven  off,  by  which  the  antimony  cout  is  rendered  indistincL 

If  the  antimony  is  mixed  or  combined  wiUi  met^kllic  oxides,  such 
as  those  of  tin  or  eopjter,  which  when  reduced  retain  the  antimony, 

I  they  are  treated  on  coal  in  IL  V.  with  soda  and  borax ;  by  this  means 
imalU  easily  fusible,  metallic  globules  are  se)iai*ated^  which,  when  the 
Bwuuut  of  nntimony  is  inc<jusiderable,  give  very  little  or  no  oxide  of 
antimony  on  uoid.even  when  treated  In  the  R.  F.  fur  a  hing  time.  The 
metallic  globul.-s  are  separated  by  trlturuling  and  washing  the  fused 
Bbisw  in  a  mortar  with  water,  then  fused  on  cttal  in  11.  K  with  three 
to  fire  times  their  volume  of  test  lead  and  a  little  vitrilie<l  boracic 
acid.  If  the  glass  only  is  exposed  to  the  R  F.,  the  antimony  is 
Lvolatilize<l  and  coats  the  coal  distinctly  with  its  oxide. 
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b.  Blowpipe  characterUticA  of  ths  mineraU  that  contain 
antimony. 

NATIVE  AirriMOKT 

Behaves  B.  B.  on  coal  likd  pure  antimony»  p.  67;  it  gives  forth 
eomotimes,  however,  a  distinct  odor  of  ai-seitic,  and  when  volatil- 
ized ia  R,  F.  with  bonix,  gives  a  more  or  It^äs  di^^tinct  reaction  of  iron. 
A  email  silver  bnttou  is  usually  obtained  when  it  i«  fused  with 
test  lead,  the  metallic  globuk  treated  iu  O.  F.  untiTall  theantimon) 
is  driven  off,  and  the  lead  tlieu  finally  cupelled. 

ALLEHONTITB 

Fuses  very  easily,  volatilizes  with  a  strong  odor  of  arsenic,  and  (M4ts 
the  ooal  with  arseuouä  acid  and  oxide  of  antimony. 

AKTIHOKY   IN  COMBINATION   WITH  SÜLPUUU  AND   OTHER 
METALLIC  SULPHIDES. 

Slihnilfi  fuses  veij  «iisily  when  moderately  heated  in  acluged  tub», 
and  unnielimea  yields  a  stiiall  sublimate  of  suljihiir;  more  ativngly 
heated  with  the  blowpipe  flame,  a  sublimate  is  formed,  which  when 
quite  cool  appears  clierry-rcd  to  brownish-red,  p.  62. 

Heated  in  an  open  tube  it  fuses  very  easily  and  evulves  «ulplinroiu 
acid  and  dense  antimony  fumes,  the  great  part  of  which  is  dep<.)si(«d 
on  the  glass  near  the  assay  as  a  combination  of  oxide  of  antimnnjr 
and  autimouic  acid;  a  jiortion,  as  oxide  of  antimony»  Ibmts  thron^h 
the  tnbe  and  escapes,  or  is  partly  deposited  apou  the  glass.  Wlien 
too  strongly  heated,  the  coat  is  apt  to  be  tinged  with  red. 

On  coal,  fuses  easily,  spreads  out,  partly  sinks  into  the  ooal,  jin>.l  ia 
jiartly  volatilized;  the  portion  in  the  coal  emerges  again,  on  e«n- 
tioiied  blowing,  iu  the  form  of  small,  bright  globules,  which  are  then 
volatilized.  During  the  opi^ration  sulphurous  acid  is  disengaged 
and  a  coat  of  oxide  of  antimony  formed,  p.  67. 

Berthieriic  heated  iu  a  closed  tube,  decrepitates  sometimes,  futt% 
yields  u  small  snblimuto  of  Bulphnr,  and  by  stronger  heat  a  black 
sublimate  of  sulphide  of  aniimuuy,  which  becomeis  cherry-rod.  when 
cool. 

In  the  u[k;'ii  tube  behaves  like  stibnite. 

Fuses  easily  on  coal,  and  leaves,  when  the  autiniony  is  driven 
a  black,  slag-like,  magnetic  mass,  which  gives  the  reiietions  for  imnT 
and,  iu  the  variety  at  least  from  Brunusdorf,  a  nlunc■an^'^<*  tea 
with  soda  and  nitre. 


TCNOSTE», 
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ANTIMOXY. 

Kennesite  in  a  closed  tnbe  fiiwa  tctv  t'lisily,  gives  at  first  a  little 
oxide  of  antimony^  and  Üien  a  alight,  yulluwish-red  sublimut«.  With 
stronger  btrat  it  buUs  and  yield»  a  stibliraate  of  sulphide  of  ontimouy. 
In  the  open  tube  and  on  coal  behavea  like  stibnitR 

OXIDE    OF    ANTIMONY. 

Valentinite  and  SenarmotUUc  in  the  matrass  fuse  and  partly 
sublime. 

On  coal,  fuse  very  easily  und  coat  the  coal  vith  oxide  of  antimony. 
In  H.  F.  a  part  is  reduced  to  metallic  antimony,  which,  however,  ia 
volatilised  hy  continut^d  blowing.  When  the  R.  F.  is  directed  upou 
the  Hsaiy,  the  outer  fiamc  ia  colored  pale  gn'oniah-blue. 

Cervantite  ia  gradually  rednced  when  treated  on  coal  in  R.  F. ; 
tJie  reduced  antimony  is  volatilized,  covering  the  coal  with  oxide 
,  and  leaving  behind  any  admixtures  of  foreign  subutunces.  which  are 
^  not  volatile.  With  soda  it  is  quickly  reduced,  so  that  email  globules 
[of  antimony  are  separated,  which  disappear,  however,  on  further 
I  treatment 

Certain  antimony  ochres  yield  water  in  the  matrass. 

0.  Examiiuxiion  for  arUimony  in  meiallurgical  products. 

The  method  of  detecting  the  presence  of  antimony  in  the  above- 
mentioned  metallurgical  productd  is  given  partly  in  the  examination 
P'for  iron,  j).  334,  partly  under  lead,  pp.  273  and  274.  and  also  under 
silver,  p.  309. 

20.  TUNOSTEV,   W. 

^Jh  oecnrrenc«  in  the  mineral  kingdon\  and  in  mtiallurgieal 

products. 

Tungsten  occurs  in  nature  only  as  an  add,  in  the  folio nring  miueralt 
I      a.  Alone  iit 

■  Tnngstite,— W,  with  79.3  W. 
b.  In  combination  with  bases  id 

Scheelite,  vide  lime; 

Sti>lzite,  vide  lead ; 
^Woltramite,  vide  iron ;  also  in  small  quantities,  in 
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SumarHkite  aud  yttrotHutftlite,  vide  yttria; 
Tantalite  and  columbite,  rule  iron. 

In  mctallnrgicul  products  timgsten  is  sometimes  fonml  in  amall 
qnantities  in  <(/a?/,  in  rertain  kinds  of  tin  /  more  frequently  aud  in 
larger  amounts  in  the  furnace  deposits,  p.  Ü75,  in  scraps  from  t!w 
refining  of  tin  ;  principally,  however,  in  certain  tin  slags  ai  Mid- 


Examination  for  TungMten. 

TiingstiU  acts  before  the  blowpipe,  according  to  von  KoWllsa 
follows : 

On  coal,  in  R.  F.,  becomes  blade. 

In  S.  Ph.  in  0.  F.  it  dissolves  to  a  colorless  or  yellowish  gliW; 
which  in  It  F.  becomes  fine  bine  when  cold ;  it  behaves  othenri« 
like  pure  tungstic  acid,  p.  110. 

In  the  other  above-mentioned  minerals,  the  presence  of  tnnesiic 
add,  if  not  in  too  small  qnantitie«,  can  be  easily  recognized  by  the 
examination  with  S.  Ph.;  the  head  in  R.  F.  becomes  blue  when  wW, 
or,  in  the  pre84Mioe  of  iron,  more  or  le«s  red.  Since,  however,  «ib- 
stancc'8  that  contain  the  oxides  of  titanium  and  iron  l^ehare  in  tb» 
same  way  as  those  in  whicli  tungsten  and  iron  are  present,  it  ii 
advisable,  in  certain  oases,  to  make  a  special  examination  fur 
tungsten. 

Upon  the  decomposition  of  complex  substances,  sncfa  as  com* 
pounds  of  tantalic,  niobic,  and  titanic  acide,  by  Vision  with  bisnl- 
phate  of  potassa  and  a  further  treatment,  partly  in  the  ilry,  antl 
partly  in  the  wet  way,  p.  168,  the  tungsten  is  ee]»arated  a.i  Hulphitla 
It  is  then  only  necessary  to  igti  ite  this  on  coa!  in  0.  F.,  thereby  chanp 
Ing  It  to  oxide,  and  to  test  it  on  a  platinnm  wire  with  S.  Ph.  If  enough 
has  l)een  dissolved  the  glass  appears,  when  treated  in  0.  F.,  yellowish 
while  hot,  hnt  becomes  colorless  when  cold  ;  after  trc^ating  it  a  «liort 
time  in  R.  F.,  it  becomes  blue  when  cold,  and  bluish-green  bji 
longer  treatment  in  the  same,  p.  110. 

If  it  is  required  to  prove  the  pivjionce  of  tun^atic  acid  in  *ub- 
Btaucee  in  which  it  is  uncertain,  from  their  behavior  with  S^  Ph.. 
whether  they  contain  tnngstic  or  titanic  acid,  they  must  bf?  treated 
in  the  ftilluwing  way:  the  finely  pulverized  substance  is  mixed  with 
five  times  its  volume  of  soda,  the  mixfure  made  into  a  sort  uf  paite 
with  a  little  water,  and  iwrtious  of  this  melted  in  0,  F.  on  platinum 
wire.  Whenever  the  latter  be«»meB  full  the  lluid  mass  ie  shaken  off 
mto  a  porcelain  dish.  The  fused  raits»  is  now  pulverized  and  iKsiltd 
^th  water  in  a  deep  porcelnin  dish,  in  order  to  deoomposc,  by  Che 
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retlncing  action  of  the  re^idnc.  anj  mangunftt«  of  soda  that  might 
liave  lK*cn  formed  and  dissolved,  Tlie  solntion  ifl  then  poured  off 
into  unother  dish,  m  soon  as  it  has  bceomt?  clear  by  the  settling  of 
th«  inioluble  earths  and  mt'tallic  oxidt-s,  in  which  latter  class  titanic 
Bcid  belongg.  The  clear  solution,  which  contuini}  tnn^state  of  s«^da, 
is  mi^cd  with  a  few  drops  of  nitric  acid,  until  it  given  an  acid  n*ao- 
tion»  the  tungstic  acid  separating  as  a  white  powder,  which  becomes 
dense  and  lemon-yellow,  when  the  whole  is  heated  nearly  to  boiling. 
In  this  oiwrntion  especial  care  muat  be  takt-n  not  to  have  the  solu- 
tion of  tongstate  of  soda,  which  also  contains  carbonate  of  Boda,  too 
concentrated,  becanse  the  tungstic  acid,  which  has  been  ae]m.nited 
by  nitric  acid,  does  not  turn  yellow  in  very  coitceniniled  suliitions. 
The  acid  can  then  W  furüier  cxamint-d  with  S.  Ph. 

It  most  also  be  noticed  here  that  if  sul^stances  containing  at  the 
same  time  much  tantalic  or  niobic  acids  are  tested  in  this  way  for 
K  tungstic  acid,  the  solution  contains  these  acids  aUo  in  combination 
H  iritli  soda,  and  that,  by  the  addition  of  nitric  acid,  a  white  pivcipi- 
täte  is  formed,  which,  when  the  solntion  is  heated,  does  nut  turn 
distiiurtly  yellow,  and  sometimes  not,  at  all  so.  To  recognize  tlie 
tnngslio  acid  in  this  case,  the  procipitiito  must  be  digi-sted  with 
sulphide  of  ammonium  and  the  tungsten  disüolved  out  as  sulphide, 
which  is  further  treated  as  described  atjove. 

When  schcflite  (Inngstate  of  lime)  is  liui'ly  powdered  and  digested 
in  a  lest  tube  with  hydrochloric  acid,  the  tungstic  acid  separates  asa 
yellow  powder ;  if  n  small  piec«  of  metallic  tin  is  now  added,  the 
whole  is  «jlored  bine  by  the  formation  of  tungstale  of  tnnirslen, 
tV  W.  When  further  heated,  the  color  becomes  gradually  darker. 
This  test  cjin  also  be  used  directly  in  the  exau)ination  of  wolframite. 
A  portion  of  the  finely-pulverized  mineral  is  digested  with  hydro- 
chloric acid,  until  a  moderately  concentrated  Solution  is  obtained; 
tJiis,  when  clear,  is  (»nred  off  from  the  residue,  a  piece  of  tin  ia 
added  and  heat  applied,  when  the  solution  generally  assnmcs,  in  a 
short  time,  a  blue  color. 

If  salts  of  tungsten  occur  in  combination  with  silicates,  as  is  the 
case  in  certain  tin  slags,  the  tnngstic  acid  remains  mixed  with  the 
sihca,  when  the  above  compounds  are  decomposed  (vtiie  lime,  [x  1Ö5) 
into  their  separate  constituents  It^  presence,  if  the  amount  is  not 
too  fimall,  can  be  proved  by  fusing  the  mixture  in  0.  F.,  as  det^cribed 
shove  for  tantalic  acid  containing  tungsten,  with  a  bead  of  8.  Ph. 
that  contains  iron,  and  treating  the  glass  for  a  while  in  li.  F.,  observ- 
ing whether  the  bead  assumes,  when  cold,  a  dark  yellow  to  red  color. 
The  silica,  which  remains  almost  entirely  undissolved,  does  not  alfeot 
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tliia  roactiou.    If,  Itowerer,  the  amouni  of  tungstio  acid  in  pro; 
tiun  to  the  silica  is  very  small,  no  reliable  rcealt  is  obtained  by 
teBU     If,  ia  the  exainiiiatiun  of  a  tiu  slag,  which  always  coutsii 
protoxide  of  iron,  with  S.  I'h.,  no  really  distinct  reactiun  for  tuugi* 
acid  has  been  observed,  the  silica  which  has  been  separatc-d  by  Um 
dec«mi>osil.ion  of  the  slag,  can  be  treated  on  Ihe  filter  with  sulphiJp 
of  aramüiiium,  a«  de^icribed  under  yttria,  |>.  183,  in  tlie  £r|Niniüt>b 
of  tnngstic  acid  from  tautalic  and  niobic  acids     The  sulphide 
tungsten  in  solution  is  precipitated  by  dilate  hydrochloric  acidaai 
tested  aj  described  above,  p.  334. 

The  presence  of  tungstio  acid  in  tin  sings  may  also  be  fr^'qaen' 
recognized  by  the  deej)  indigo-blue  solution,  which  is  formed  win 
the  pulvenzed  slag  is  warmed  in  a  test  tube  with  hydruchluric 
This  is  dne  to  the  fact  chat  the  tin  slugs  contain,  besides  oxide 
tin,  finely-divided  metallic  tin,  which,  in  dissolving,  acts  as  a  redM'' 
iug  agent  upon  the  tangstic  acid  in  the  solution  of  the  bases,  uä 
forms  tnng^state  of  tungsten,  which  colors  the  solutiun  blue.* 

The  exumiuation  of  metallic    tin  for   tiingt>ttMi    has  already  b—P 
described,  p.  376,  in  the  general  examination  for  tin. 


21.  MOLTBDEKUX,   Mo. 

lU  occurrence  in  th9  mineral  kiTtffdom  and  jn  mttaUurp'cal 

products. 

Molybdenum  occurs  in  nature: 

a.  In  combination  with  sulphur  in 
Molybdenite, — Mo.  with  59  per  cent  Mo. 

&.  As  acid  by  itnelf,  in 
Molybdite  {molyhdic  ochre), — 3o,  with  65.7  Mo,  contuntng 
times  traces  of  iron  and  uraniam. 

C.  In  combination  with  oriVic  of  lend  in 
Wnlfenite.  n'd«  lead. 

MolylHlenum  i«  also  found  in  small  qmintitiee  in  a  few  prodod 
(Vom  Clipper  and  tin  smelting,  viz. : 

a.  MtiaUic  in  certain  kinds  of  rait  coppttf  rtfined  copper,  and  i 
also  in  certain  benr»,  which  are  sometimes  deposited  upon  the  »ok 
of  the  Inmace  when  smelling,  in  shait  ftimaoe«,  copper  and  tio  ortf 
that  contain  molvbdt-num.    Finallv,  it  is  also  fuaod 


*  If  dn  ■1«p^  iMch  kavc  t«ni  fVrrd  hna  the  pwrfcita  of  mfCalUe  ria  br 
va»hin)c.  U-hftw  la  the  mum  w«t,  ii  m  vmimf  to  dw  bet  tk«t  fl  ii  aoc  ponA>l^  1 
•bkK»,  tv  Kparmt*  wedMtaiB^;  all  ifac  finrlr-AniM  rin  tnm  the  fom^ant  i 
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A.  As  oxith  in  the  various  scraps  and  slags  which  are  produced  in 
BmeUing  mo]}'tkliferuiid  copper  »ud  tin  ores,  as  well  as  iu  retiuiug 
mw  or  bluck  copper,  aud  in  the  purificatiun  of  tin. 


Examination  for  Molybdenum. 


^Itu;lnding  the  blowjfipe  churacffrixh'rx  of  the  minerah  behriffinff 
here. 
Molt/bilenite  in  a  closed  tube  remains  unaltered.     Iti  the  oi^en  tube 
yields  only  sulphurous  acid. 

When  a  (hin  scale  of  the  minenil  is  heated  iu  the  furceps  with  the 

■  point  of  the  blue  ßamc,  no  fueion  takes  place,  but  a  yellimish-gn-ctt 
Atrcak  is  seen  in  the  middle  of  the  outer  äame,  p.  76. 

On  cual  in  0.  F.  the  mincml  disengii^^ea  a  smell  of  sulphurous 
acid  aud  eoalä  the  coal,  when  the  assay  is  held  as  fur  us  possible  from 
the  äame,  with  crystalliue  molybdic  iwid,  which  appears  yillowiBh 
vhen  hot  aud  ln^comes  white  ujiou  cooling;  near  the  assay  the  charac- 
teristic copper-red  film  of  biuoxide  of  molybdcnum  with  its  mßtaUic 
K  lustre^  p.  68»  is  observed.  The  assay  diminishes  iu  volume,  but  does 
'  not  fuse. 

Heated  iu  a  pluliuum  gpi:>on  with  nitret  it  defiugrates  with  a  6ash> 
and  di8«olves  in  the  ftiscd  salt,  leaving,  however,  yt-liow  flukes,  winch 
remain  undissolved  when  the  muss  is  treated  with  water,  und  which 
behave  in  the  tluxcs  like  sesfiuioxide  of  iron.     In  the  alkaline  solu- 
tion, the  molyhdic  acid  which  is  formed  can  be  eiaäily  detected,  aa 
descrilu'd  further  on. 
■       Afoltfbdite  behaves  on  coal  by  itself  like   molyhdic  acid,  p.  105. 
H  Treated  with  soda,  it  sinks  into  the  coal,  leaving  some  iron  behind. 
H       In  substances  whioh  do  not  contain  too  little  molybdt*nnm^  this 
B metal  can  be  found   in  the  following  way: — the  substance  to  be 
H  tested  is  finely  pulverized  and  fused,  if  it  contains  the  molybdenum 
f  umlphide,  with  three  times  its  volume  of  nitre,  hut  if  it  contains 
the  metal  as  acid,  with  a  mixture  of  nitre  aud  soda,  iu  the  plaiiuuni 
spoon,   until   all    the  molylxlenum    is  combined   as  ncid    with  the 
alkaline  bases  present.     The  fused  moss  is  dissolved  in   water  iu  a 
small  jwrcelain  dish  over  the  lamp,  the  clear  solution  ixmrrd  ofl'  from 
tlie  rt-siduc  into  a  porcelain  ciipsnle  and  mixed  with  a  few  drops  of 
hydrochloric  acid,  until  it  gives  a  feeble  acid  reaction.    It  is  then 
rou-d.  and  a  small  piece  of  bright   copper  foil  udd.-d ;  iu  a  short 
;  it  is  «juickly  colored^  commencing  from  the  spot  where  the  foil 
[lies,  fine  dark-blue,  by  the  separated  molybdnt«  of  molybdenum. 

2S 


33S 


plattner's  blowpipe  analysis 


TnngsKc  acid,  treated  iu  this  way,  assumes  ouly  graduallj  a  f«He 
bloL*  color. 

According  to  tou  Kobell,  molybdic  acid  can  also  be  rdoognixed  io 
Uü  combinations  by  beating  the  finely  pulverizi-d  snbstance  in  a  po^ 
celuin  diäli  wilb  oonceutruted  siilpburic  acid,  and  tb^n  adding 
alcobol.'  The  flnid  vben  oold  acqniree,  especially  npoii  the  ejdesof 
the  dieh,  a  tine  aziirc-blne  color. 

In  order  to  6nd  a  »mall  amount  of  molybdenum  in  the  abore- 
mentioned  meiaUurgiod  produetst  it  is  necessary  to  have  recourse  to 
the  wt!t  way.  A  muderule  qoanlity  of  the  products  consisting  of 
combinations  of  metals  is  dissolved  in  aqna  regia  (products  contain- 
ing  tin  preferubly  in  nitric  acid),  diluted  with  water,  filtered,  the 
aulutioa  mixed  witli  ammonia  in  excess,  sulphide  of  ammonium 
added,  and  ihe  gloss  covered  and  put  in  a  vann  place,  to  allow  tlie 
precipitated  sulphides  to  settle.  The  i?«lpliide  of  molybdenum, 
which  remains  in  solution,  is  precipitated,  aft^r  flItTatiun,  by  very 
dilnte  nitric  acid,  washed  with  water,  to  which  a  little  sulphide  of 
ammonium  has  been  added,  and  tested  when  dry  B.  B.  It  bebav«« 
in  general,  when  pure,  like  molybdenite. 

iScrap«  and  elags^  which  contain  the  metals  present  aa  oxides,  are 
pulverized  and  fused  with  bisulphate  of  potassa,  the  melted  muaa^ 
dissolved  in  water,  filtered,  and  the  molybdic  acid  separated  from  th^ 
metulliu  oxides  by  ammonia  and  sulphide  of  ammonium,  as  described 
above. 

22.  VAKADira,  V. 
Its  occurrence  in  th$  mineral  kingdom. 

Vanadium  belongs  to  the  rare  metals ;  it  has  been  found,  np  to 
the  present  time,  only  ae  acid  combined  with  baflea  in  the  followioj; 
minerals: 
Descloizite, 
Deehenitc, 
Vanadin  ite, 
Ensynchite, 
Arpeoxene, 
Chileite, 

Volborthibe,  1 

Vanadate  of  ]ime  and  copper  (Kalkvolborthit),     ]  copper. 

Furthermore,  it  forms  an  unessential  ingredient  in: 
Conichalcite,  vide  copper,  and  in 
Hydrophile,  vide  magnesia. 


vu2slead; 
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ft  has  also  b^en  found  in  very  small  qnanMties  in  certain  eluTs  and 
iron  ore«,  in  araniriite,  in  cupriferous  skte  (Kupfersehicfer)  and  in 
slags. 

[According  to  Tesclieniaclier,  vniiadic  arid  prribahly  (xriirs  alone 
on  copper,  at  the  Cliff  mine.  Lake  Superior,  aa  is  mentioned  by 
Dana,  under  Vanadic  ochre.    Transl] 


Bxamlnation  for  Vansdium. 

If  the  amount  of  vaoadinm  in  any  enbstancc  is  not  too  small,  it 
can  be  reco^izc^  by  testing  with  borax  or  S.  Ph.,  pmvidcd  tue 
reaction  is  not  snppressed  by  other  coloring  mf>tnllir  cnidt'S.  The 
flnxesappear  yellow  after  treatment  in  0.  F.,  but  change  their  cnlor 
in  R  F^  appearing  brownish  while  hot,  and  emerald-green  upon 
cooling,  vide  vanadio  acid,  p.  111. 

If  snbstances  containing  vanadic  acid,  but  free  from  conihinationa 
of  silica,  are  finely  pulverized  and  fused  in  a  platinum  epoon  with 
twice  their  volume  of  soda  and  the  same  amount  of  nitiv,  and  the 
melt«!  mass  then  tread'd  with  water,  the  vimadate;  nitrite,  and 
excess  of  nitrat-e  of  potassa  und  carbonate  of  soda  added  are  dis- 
solved, the  other  baaes  remaining  Ix-hind,  provided  they  have  not 
also  combined  as  acids  with  a  part  of  the  alkalies.  When,  therefore, 
the  snbstjincc  contains  at  the  same  time  chromic,  phosphoric,  arsenic, 
or  sulphuric  acids,  tbese  arc  also  brought  into  solution,  cumhined 
with  potassa  and  soda.  The  solution  of  the  alkaline  8alts.  al'ter  it 
has  become  clear,  is  decanted  off  from  (Jie  n-sidue  into  a  porcelain 
dish,  saturated  with  acetic  acid  and  a  small  quantity  of  crvHtullized 
or  pnlveriaed  acetate  of  lead  added,  which  dissolves  withunt  pro- 
ducing cloudiness,  if  the  solution  is  free  Frnm  those  acidji!  which 
decompose  this  salt  and  form  a  precipitate.  If,  however,  vanadic 
acid  is  present,  neutral  vanadate  of  lead  is  formed,  which,  when 
strongly  heated,  fulls  to  the  bottom  and  assumes  a  pale  yellow  color. 
The  behavior  of  this  salt  in  borax  and  S.  Ph.  establishes  the  pres- 
ence of  Tanadium-  If  the  snbition  contains  chromic  arid  also,  the 
precipitate  becomes  proportionably  darker  yellow,  but  paler  in  the 
presence  of  phosphoric,  arsenic,  or  sulphuric  acid;  in  the  latter 
case  it  is  necessary,  before  the  precipitate  can  be  tested  with  borax  or 
S.  Ph.,  to  collect  it  on  a  filter  and  treat  it  on  coal  in  R.  F.,  until  nil 
the  arsenic  and  the  greater  part  of  the  lead  are  volatilized.  When 
chromic  acid  is  present  in  the  precipitate  the  bead  of  S.  Ph.,  treated 
in  a  pure  0.  F.,  does  not  appear  yellow,  but  yellowish-green. 

According  to  von  Kobell,  the  oomhinntions  of  vanadic  acid  with 
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leücl,  p.  2flO,  can  Iw  recognized  by  the  following  reaction.  The  solu- 
tion of  the  same  in  conecntnited  bydruchlonc  ucid  (by  which  a  gnnit 
ileal  uf  chloride  of  Uud  is  eepiiratcd),  when  concentrated,  after  uu 
admixtnre  of  alcohol,  and  decanted  from  the  oblorido  of  lead, 
assumes  un  azure-bine  color,  upon  the  addition  of  water.  Chromate 
of  lead  treated  in  thia  way  also  yields  a  green  wlutiou,  which,  how- 
ever, remains  ((rcen.  ^J 

If  a  subätuuce  contains,  together  with  Tanadinm,  a  small  Bmonnl^| 
of  imn,  the  latter  may  be  best  det-ecti^d  by  fusing  tho  substiiuce  witli  \ 
three  to  four  parts  by  weight  of  bimilphate  of  potjittsa,  dii^olving  tiie 
mass  in  water,  and  testing  the  clear  solntion  with  a  solution  of  fer- 
rooyunide  of  potASgium.  When  the  fiolntion  iß  free  from  iron,  » 
green,  flocpulent  precipitate  of  ferrocyunide  uf  vanadium  (Vaiuiilin- 
eisen  cyauür)  is  formed;  if  it  contaiuä  iron,  however,  this  is  present 
ae  eesqutoxide.  aud  imparts  to  the  solutlou  the  dark  bine  color  uf 
Prussian  blue. 

Silicates,  such  as  slugs,  are  decomposed  by  a  fusion  on  coal  with 
soda  and  borax,  p.  11 3 ;  the  mass  is  then  pnlverized  and  treated  iu  a 
platinum  spoon  with  au  equal  \-olume  of  nitre,  and  tlien  furth«' 
treated  as  has  been  described  above. 

23.  CnnoMitTM,  Cr. 

Its  occvrrence  in  (he  minsral  kingdotn* 

It  occnrs : 

a.  Metallic,  in  very  small  quantities  in 
Meteoric  iron,  vide  iron. 

b.  As  oxide  in 
Ohromite,  vide  iron ; 
Chromio  ochre, 
Miloschite, 
Wolchonskoite  HI,  2;  according  to  Kersten,— (Cr,  lie,  Xl)'  Si*  +  18 

fi  with  18  per  cent  Cr  and  small  amounts  of  Slg,  Stn.  and  Pb; 
according  to  BerLhier  and  the  lat<?r  investigations  of  Tlimoff, 
however,  it  cout^ims  31  to  34  per  cenu  Cr,  and  appears  to  be  a 
mixture  of  ür  aud  hydrous  silicates  of  ^g,  Ve,  aud  5r; 

Onvarovite,  vide  lime ; 

Fuchsite,  ride  potassa ; 

Pyrope  from  Bohemia,  1 

Kämmcrerite  (rhoduchrome), 

Pyrosclerite, 

Seqwutine, 


vide  alumina; 
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vifle  magnesia; 
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Emerald,  vide  gluoina. 

Also  iu  very  smal)  amnanU  in  the  foUowiug  liluuiliiatefl : 
Spiui'l,  ruby,  vide  mngneaia; 
ChrysüberyK  green,  vide  glucina. 

c;.  A&  chromic  acid  ill 
Vuuquelinitf,       J 
CrocuiU',  V  vide  lead. 

Phoinicochroite,  J 


3^ 


Bxaminatlon  for  Chrominm, 

Indudiitg  the  btotopipe  characteri^dics  of  the  minerals  belonging 

here, 

d.  General  exam tnatioti  for  chroiitium 

Minerals  in  which  the  eesquioxide  of  chrominm  or  chromic 
t^A  forms  an  essential  ingredient,  afford  in  nioi^t  cases  a  distinct 
reaction  of  chromium,  when  tliey  are  Wstt^d  iu  llie  0.  F.  with  horax 
or  ri.  Ph. ;  the  bL*ads  ajiju-ariiig  ycllnwisli-greeii  wtieii  jierfectly  cool, 
vide  ^»qnioxide  of  chromium,  p.  101.  In  R.  F.  the  green  color,  if 
the  substance  \a  free  from  oxides  üf  lead  or  copptT,  beoimes  tiner, 
ana  even,  with  a  large  aniuiint  of  chromium,  a  pure  emerald-green. 
If,  however,  these  metallic  oxides  are  present,  tiie  beads  bceumc, 
when  cool,  opatjue  red  or  gray,  ihe  gi'L-eu  color  of  the  chroniinni 
being  hidden. 

A  small  amount  of  iron  in  minerals  ci>hta.ining  chromium  is  pjusily 
dtttected,  in  the  i«aine  way  as  iii  minerals  contjiiuing  vauadiiim,  by 
fusing  with  bisulphate  of  potasga,  dissolving  in  water,  aud  tesung 
the  solution  with  ferrocyaniilp  nf  paf-assinm,  p.  340. 

The  miuerala  wliich  are  colurcd  blood-ivd  by  seS(|uioxidti  of 
chromium,  via.:  pyrope  aud  the  spinel  from  Ceylon,  have  this 
peculiarity,  that,  by  simple  heuting  in  the  forcefis,  tlu-y  hirome 
black  and  t>p»<i^ue;  on  cotJÜng,  however,  yelluwisli,  or  ehri>nie-grt'fn, 
then  almojt;  colorless,  and  finally  just  as  i¥<l  as  before  lualing. 
Tlioae  silit^tes  which  are  wilored  red  hy  chromium  and  iron  to- 
gether, become  also  opafjne  by  heating,  but  assume  immediately, 
while  cooling,  their  original  red  color  and  transparency. 

Alinerals  which  cuntulu  Utile  sesqiiiuxide  of  chiviminm,  but  othei 
coloring  oxidt.3  of  metals  in  larger  qiutntities,  nnd  which  give  nc 
f^iisfactory  r&K:tion  of  cliromium  in  horax  or  S,  Ph.,  ran  he  ex- 
amined fur  oh  omium,  tlie  silicates  and  spinel  excepted,  in  the  ful- 
lowing  way: 
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A  onaD  quantity  of  ibe  mineral  ia  paWeriwd  m  fiady  a« 
mixeil  with  twice  it«  volome  of  soda  and  the  iame  amoont  of  ni 
autl  tlie  utixtun:  ftued  with  a  struug  0.  F^  in  the  loop  of  a 
wiru  ur  in  a  plutiuum  «{»ooii,  nntil  it  is  ihuughi  that  all  the 
niinm  has  Iwen  changed  to  chromic  acid.    In  this  way  cbromaleftof 
tbv  alkalies  are  fürmvd,  which  are  diasolred  iu  «ator  in  a  poroelain 
(liih,  wjih  tht)  aid  of  heat.     If  mangunedu  i»  prcäent  in  llie  miueni, 
manganatea  of  the  ulkulies  ore  formed  dtiriog  the  fusion;   tht^e 
impart,   in  the  Wginuiug.  a  green   color  to  the  mIuuiid.  but 
dt.*cunij)o!»ed  by  thu  refiiJue  of  oxides  when  heattnl  to  boiling.*    Tbi 
solntion  i»  then,  nithoui  »-panning  it  frr)m  the  Feeidue,  ätrongl 
acidilit-d  with  acetic  acid  uud  boiled.    If  the  subetance  cout&ini 
lead,  the  alkaline  solution  mast  be  decanted  from  the  residue  befoi 
the  ac'LJc  ocid  is  added. 

Wh*n  the  iicid  solution  is  perfectly  clear  it  is  carefully  poured  off 
ft'om  tlie  residue  into  a  porcelain  dish,  a  small  crystal  of  acetate  of 
lead  addfd,  and  the  uhule  blirred  with  a  glass  rod.  As  ihu  ace 
of  loud  dirii^olv(.-B,  tlie  free  chromic  acid  combines  with  the  oxidf  oi 
lead,  fiirming  a  lettiuu-yellow  powder,  which  quickly  fulls  to  t 
bottom,  und,  altt-r  filtration,  gives  with  honix  or  S.  Ph.  in  O.  F. 
bejul  thut  ajipoiu'H  tine  gretfu  when  cool.  In  thiä  manner  very  sm, 
(piuntitics  of  chcurnium  eun  be  dütccted.  If  the  substuncu  contui 
sulphnrio  tuAi\,  the  chruaiate  of  lead  is  mixed  with  tlie  sulphate  am 
the  yellow  color  of  the  former  n'udeivd  pioportionubly  pjiler,  accoi 
iug  to  the  amount  of  the  latter  present.  With  phosphoric  acid  the 
büliavior  is  the  same.  These  admixtures,  however,  do  not  atfcct  tlift^ 
reaction  of  the  chromium,  when  the  resulting  precipitate  is  testo^H 
with  borax  or  S.  Ph.  ^^ 

Silicates  which  contain  only  little  chn»raium,  Iiut  much   irou  ur_ 
other  coloring  oxides  of  metals,  and  which  only  give  with  the  fliue 
th«  colors  of  iron  or  the  other  oxides,   can    not  be  exumiui'd  foi 
chromium  oxootly  according  to  the  method  just  described,  as  silicate 
are  not  deeouiposod  by  uitre.    It  is  therefore  necessary  to  chooa 
another  method,  hy  which  the  other  constituents  can  be  foimd  at 
the  tame  tim<\    The  pulverized  mineral  la  fuäed  on  cool  in   0-  F. 
with  one  to  oue  and^a-half  times  it«  volume  of  soda,  and  one-half  Co 


*  Wild)  ihc  tii»n)nintir«  of  ihr  tlkklies  »re  ptvscat  in  s'*cb  larpe  Muoonts  that  lb 
AiiMm  rsniint  mliicv  itHitn.  it  is  onlr  n«c^uin-  bt  ipiit^  •*«  a  tnittmai  %  muUl  pinv  < 
|iun>  fttiUritr  ;  ivnlrrritr,  «rlwn  cdoI,  tlir  prvto-vc^niutyi«-  of  inm  ikn»  fannol.  »dA  j 
lü  UwMHiy,  anil  \wtt  the  wttutv  to^uiliitie;  Itv  ibU  meaiu  ^U  ibe  auugsair  aciil 
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threfr-fourtlis  parta  of  borax,  to  a  clear  bead;  this  is  pulvi-rizt'd  and 
eToporutcd  to  dryness  witli  hydi-ocblüric  acid. 

The  chluride«  thus  formi'd  are  dissolved  ia  water,  the  silica  filtered 
off,  the  protocbloride  of  iron  iu  tho  doluttoa  chuugcd  to  3e8<[uichli>- 
lide  by  boiling  with  a  few  drops  of  nitric  acid,  and  the  Ui\>n-%  viz^ 
aesqnioxide  of  uhromiiim,  iron,  alumina,  etc,  pivdpitaLcd  by  am- 
monia from  the  acid  solution.  The  precipitate  is  coUifCted  on  a 
filter,  washed,  and  fused  with  soda  and  nitre,  as  above.  By  thia 
means  chromaUfä  of  tbe  alkalies  are  formed,  whlcli  can  be  decom- 
pOficd  by  acetic  acid  and  acetate  of  lead,  as  described  above. 

Spinel  ia  fused  ou  coal  in  O.  F.  with  two  purtd  by  volume  of  soda, 
and  three  part«  borax,  to  a  bend,  the  latter  pulverized,  mixed  with  an 
Gi{ual  amount  of  nitre,  and  fused  iu  u  platinum  »puuu.  The  maji£  id 
now  disaolved  iu  water,  and  the  aulutiou  acidified  with  acetic  acid, 
and  tested  with  acetate  of  lead  to  ascertain  whether  the  gpinel  in 
qoeetion  contains  chromium  or  not.  If  a  precipitate  in  furmud  it 
mast  be  tested  with  borax. 

b.  Blowpipe  characteristic  of  the  miMrals  belonging  here, 

Bcru'lius  has  examined  B.  11.  varioas  chrome  uchre»^  from  the 
Departmeuts  of  Saone  aud  Loire  iu  Frauce,  from  Klfdalcu  und 
Martanberg. 

The  variety  from  France  loses  its  color  when  heated,  and  bec'omi*a 
almost  white,  does  not  fuse,  bub  shows  a  slag-like  äurface,  wliieli, 
under  the  maguiticr,  appears  to  bo  made  up  of  vitrifled  uud  nnfused 
part  icles. 

The  sesquioxide  of  chromium  is  dissolved  iu  borax  and  gives  the 
gloss  a  fine  green  color.  Tbe  piece  becomes  white  and  dissolves 
with  difiioulty.  Iu  S.  Pb.  it  is  also  solubit;  with  difficulty,  and  the 
same  quantity  gives  a  fainter  color  than  in  borax. 

It  is  disaolved  in  soda  with  ditticnlty,  and  requires  a  large  amouut 
of  the  ilox.  The  glass,  even  when  fused,  is  not  trans]>aivut,  and 
appears,  when  cool,  like  a  dirty,  gniyioh-green  enamel 

The  chrome  ochre  from  Klfduleu  Iwhaves  like  the  above,  as  does  also 
the  clay  containing  chromium,  from  Martanberg,  except  that  the 
latter,  with  a  strung  jlanie,  fuses  completely  to  u  Hack  slag. 

WolcIionsJcoite  from  Peru  behaves,  according  to  Berzelius,  as 
follows : 

In  a  matrass  yields  water  aud. changes  its  green  color  to  a  brown- 
ish one. 

In  the  forceps,  shows  upon  the  edges  traces  of  m:lting,  but  does 
not  fuse,  cracks  upon  the  surface,  aud  becomes  brown. 
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Borax  and  8.  Ph.  dissolve  it  imperfectly,  giving  the  ohromim 
colors.     The  ineolnbic  portion  is  bluck. 

With  soda  on  coal  it  I\i8ea  with  effervescence  to  a  globule,  whi 
when  conl  appears  green  und  ycllnw  in  epots.     On  platinum 
give§  Chromate  of  soÜI^  which  is  fluid,  and  an  undiäsolved^  dark-red 
iuafi& 

Hhodo'hrwne  in  a  matrass  gives  water  and  becomes  grayish* whit«. 
Ill  Ibo  forceps  fuses  only  on  the  extreme  edges  to  a  yellow  enamel. 

In  borax  it  disiiolves  entirely,  but  leaves  in  S.  Ph.  a  silica  akelei 
coloring  the  beads  cbrome-gre^iu. 

With  wHla  fuses  to  an  opa(|ue,  yellow  mass. 

Ouvin'uvit«  (chrome  fjarnet),  from  Bisersk  in  Siberia,  gives  wai 
in  a  mati-ass,  according  to  Herzelius,  and  becomes  opuque  and 
yt'llow ;  turns  groen  again,  however,  when  cool. 

Ill  thi;  forceps  is  infusible.,  but  up[)e^r8  darker  and  brownisii  oi 
edge<$.  ^  bore  the  lieut  was  the  strongest. 

In  borax  it  is  dissolved  very  slowly  indeed,  giving  a  chmme* 
green  ghiss.  In  S.  Pb.  uU)  very  shiwly  di^äolved.  Tbe  glass  shows 
the  usual  colors  of  oliromium  ;  tntuf^piirenc  red  when  hot,  thea 
opaque,  und  when  perfi^tly  cool,  clear  emerald -green. 

With  S(Kla  ou  coal  forms  a  greeni-<h'yfllow  slog.     On  platini 
foil  tbe  Üuid  soda  is  colored  yellow  by  the  cbromiam. 


S4.  Absekio,  Aa. 

lis  oGcurrenet  in  Ike  mineral  kingiimn  aud  in  meiallurgical 
product«* 

Arsenic  is  not  very  rare;  it  is  found  under  T«hous  oonditi« 
tU.: 

o.  MeiaUic  and  aJlon«  in 
Native  arsenic, — As,  sometimes  oontaining  a  little  Fe,  Co,  Ni,  8b, 

and  Ag; 
Arsenical  bismuth  {Arsfngiatu),  consisting,  according  to  Kt^rsten, 
of  97  As  and  3  Hi.  with  Sümetimee  S,  Fe,  aad  Co. 

In  combination  with  other  metaH  viz. :  maagUMce,  iron,  oubsJ^ 
nickel.  ct>p{vr.  aDd^Dtimooy  (f.  cl). 

b.  CombintHl  with  wuijtkur  in 
BMÜgar.— JU  with  TOlI  As; 
Orjtimotit.  -Ak  with  f»l  A»: 
Pimorv'hitc,  acevrdinji;  to  Sc^ochi,  periiaps  As?  S*  (Datia). 

lu  tvmbinaliim  with  sa1|4iDr  and  oUi«r  metallic  salpbtde«,  incind- 
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tug  seTeral  uf  the  minerals  eDomerated  ander  iron,  cobalt,  uick^ 

I  copper,  silver,  anil  autimony. 
c.  As  arMnou«  acid  in 
AreeuoUte» — £b,  with  7ß.8  Aa ;  elaudeiite  had  the  same  compositiou 
and  is  dimorphous  with  arsennltte  (Dana). 
d.  Aa  arsenic  acid  in  combinatioD  with  baeoe,  viz. :  lime,  oside  of 
iron,  protoxides  of  cobalt  and  nickel,  and  oxides  of  lead  and  copper 
(y.r.). 

Since  many  arsenical  ores  and  minerals  are  worked  on  the  large 
scale,  either  alone,  or  vith  other  ores,  for  the  metals  ther  contiiia, 
jH  und  since  arsenic  c^n  only  be  separated  with  great  ditltculU'  from 
Bc*^ri4ia  metals  by  roasting,  it  iu  consequencft  not  only  forms  a  chief 
cunstitueut  of  the  actual  arsenical  products,  viz.:  mtiallic  arxeuie, 
reftlffur,  orpimeiit,  and  white  arsenic,  but  is  also  a  frequent  ingredient 
of  certain  other  jiroducts,  which  are  to  be  further  treated. 

Tbe  latter  t*ml>raoe  especially  the  products  already  mentionetl 
under  iron,  cobalt,  nickel,  lead,  tin,  copixr,  silver,  and  gold,  viz. : 

Xohaieiuj  lead  and  copper  math,  cadmia,  nb^tiff,  abstricht  and  had-, 
Mbaii  and  nicixl  speisses. 

^H  Examination  for  Araanlc, 

Including  the  Uotopipe  ciiaracteristios  of  the  vunerals  hthngin^ 
H  hers* 

A  very  simple  test  generally  suffices  to  indicate  with  certainty 
email  quantities  of  ureenio,  even  in  compound  substances,  providetl  it 
ia  not  combined  with  nickel  or  cobalt,  or  as  acid  with  their  oxides,  in 
which  COM  a  special  method  is  necessary. 

In  addition  to  its  vnhitihty  when  heated  on  coal,  arsenic  lias  the 
peculiarity  of  diffusing  a  striking,  garlic  odor,  and  coaling  the  coal 
with  nrsenous  iicid,  p.  GO;  it  may  nlso  he  sublinu'd  unaltered  in  the 
closed  tube,  culkcting  in  a  crystalline  form  on  the  glii»s.  tliiongh 
which  it  shows  a  raetaUic  lustre,  p.  Q'i.  The  acids  of  arscuie  can  be 
very  easily  reduced  to  metal  nnd  recognized  as  audi,  as  will  be  seen 
from  the  methods  describi'tl  below ;  arsenous  acid  is  also  volatile, 
p.  Ö4. 

Native  arnenic  sublimes  in  the  closed  tube,  sometimes  leaving  a 
fixed  metallic  mass,  which  with  fluxes  on  coal  often  shows  iron, 
colialt,  or  nickel.  Another  purtion  of  this  matis  fused  on  coal  with 
enough  test  lead  und  borax  in  R.  F.  and  then  cupelled  on  bone-ash, 
frequently  leaves  a  silver  button. 

On  coal  behaves  like  pure  aracnic,  p.  06,  but  frequently  leaves  a 
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slight  rMidae  of  arseoic  combined  with  Fc,  Co,  Ni,  and  ol\£a  eoa' 
Uiniog  a  little  Ag. 

Arsenical  bismuth  from  the  Pulnibiiutii  mine,  wear  Murienberg 
Saxony,  yields  nt  first  iu  the  cloacd  tube  sulphide  of  arsenic,  then 
motalUc  nrsenic,  and  leaves  a  trifling,  daik-^n^j  residue«  shuwiiig 
with  the  fluxes  iron,  cobalt,  and  bismnth. 

Guutly  heated  in  the  uptn  tube  evolves  sulphurous  and  areenotu 
acids,  more  strongly  heated  yields  first  a  Httte  sulphide  of  hr»oic 
and  then  metallic  arsenic  Kindled  B.  B.  on  coal  it  coatiuui'S  to 
bum  of  itäelf.  giving  off  j^ray  arsenical  fumes  and  becoming  «ll^ 
rounded  wich  crystalUue  orsenons  acid. 

COMPOUITDS  OF  AESENIO   WITH   OTHER  MKTALß. 

Some  of  the«;  yield  a  sublimate  of  metallic  arwnie  in  the  closd 
tulw ;  oUurs  do  not,  vide  afsenidcs  under  iron,  cobalt,  nicket,  and 
ooppvr.  Occasionally  a  little  arseoous  acid  is  furmed  by  the  inclond 
air.  In  the  open  tube  they  all  yield  arsenous  »cid,  mingled  with 
oxide  of  EUitimony  in  ca«  the  compounds  ooutaiu  antimony.  Thr 
powder  will  yield  a  subhmatc  when  a  fra^enl  of  the  salfSUaioe  ftiili 
to  do  so. 

Most  of  the  metallic  arsenides  trealod  on  ooal  in  R.  F.  yield  luut 
of  their  arsenic,  which  volalilixes  and  forms  a  coat  of  arf^nou^  >ciiL 
If  thens  is  a  considerable  proportion  of  arsenir  pivsent  the  us^aj 
«v<dT«s  copious,  grayish-wbite  funes,  which  produce  the  eorlic  odar 
of  the  suboxide,  and  thus  at  once  show  the  prasrocc  f 
if  the  amount  is  trifling  the  fumes  arv  not  always  per.  . 
odor  seldom  during  the  bUsC    In  this  case  the  giowing  a«s«y  shunkl 
be  held  under  the  no«^  In  order  that  the  odor  of  tin-  »niall  f(a.i  i 
of  escaping  anenic  may  be  perceind.    When  but  iittle  ar^ 
oomt»JMd  with  metals  from  which  it  is  separated  with  difficnity.  as 
cobalt  and  nkkel,  the  oanqfoaiid  May  be  fused  in  0.  F.wi;i  -    -  '    ! 
Ott  ooat  »ad  the  prsasnK  of  yolatüiong arsenic  agccrtain^f^l ; 

ShnaU  noue  of  the  pnoeding  »ediodi  suffice  U>  detect  a  tiiiie 
azsMtie  oonbäacd  with  a  metaL  or  in  a  melaUic  oampMuodi  the  fv^ 
Vavisf  pVMrdS  will  srrre  to  detect  it.  BrittW  »etais  and  nrullk 
CQnpo«»d«  which  oitt  he  poltened  an  redoeed  to  powder,  ur  if 
»alWahla  they  a»  ivdneed  by  fOn^  a^d  ahoot  fifty  tu  wTwoty-fiTe 
mUligr.  an»  ihm  miagkd  itt  the  agal«  ■uiitar  with  fit«  to  six 
VttlttMaa  of  aiiie  sad  jgtthed  im  the  phtrnms  spoon,  aocoffding  to 
]^  117«  «ilh  lh«  aid  of  te  hkivfipe  iaoHL  oatU  as  nora  metaUio 
IMHieW  are  visible^  The  aa«ials  oüli»  aad  arscsJe  acid  is  fonn«d. 
which  OMibuM  with  the  Mtesaw  vhile  aitnns  acid  is  lihmAri. 
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The  mass  in  the  spoon  is  now  digoeted  with  water  over  tlie  lamp- 
flame  in  a  ])orcelain  dish,  uutil  everything  is  removed  from  the 
«pooD,  ufler  which  two  8cj)iLratti  methoiU  muj  1j«  employed. 

By  the  tirst  the  clear  solution  is  poured  off  from  the  oxides  into  a 
little  porcelain  vessel,  p.  43,  acidified  with  hydrochloric  acid,  thirty 
to  fifty  milligr.  of  sulphate  of  magnesia  disuolvtd  in  it  with  the  aid 
of  hcftt,  an  excess  of  ammonia  added/ and  the  whole  heated  to  boil- 
ing. Arsenate  of  ammonia  and  magnesia  separates  and  settles 
quickly  whi-n  thovesecl  is  removed  from  the  Uame.  Tlie  quite  clear 
fluid  is  decanted  from  the  precipitate,  which  is  washed  by  boiling  it 
with  strongly  ammuuiuoal  water,  again  allowed  to  settle,  and  frt-ed 
by  decanlation  from  the  fluid,  after  which  it  is  immediati'ly  dried  in 
the  vessel.  The  dry  salt  is  mixed  in  the  murtur  with  three  volumes 
of  neutral  oxalate  of  potassa,  or,  accoi*ding  to  Fresenius  and  von 
Babo,  with  six  volumes  of  a  mixture  of  cyanide  of  potjissiiim  and 
soda  in  equal  parts,  and  then  treated  on  coal,  cr  in  a  matnisi  with  a 
narrow  neck.  Jn  the  former  case  it  is  fused  in  the  It.  F.  and  the 
Tolatilized  arsenic  detected  by  the  odor;  in  the  latter  case  it  is  at 
first  moderately  warmed  over  the  spirit-lamp  in  the  muTrass  to  ext^l 
■ny  tracoa  of  moisture,  which  are  collected  by  an  in.serttd  roll  of 
bloiting- paper,  after  which  the  mixture  is  heated  to  fusion.  The 
ureenic  acid  is  reduced  aud  forms  a  sublimate  of  ULetalüc  arsenic  in 
the  neck  of  the  matruss  at  a,  Fig.  73.  Should  the 
amount  of  arsenic  be  too  small  to  produce  a  dis- 
tinct niiiTor,  it  is  only  necessary  to  cut  off  the 
neck  Just  above  the  sublimate  with  a  tile  and  then 
to  hold  the  portion  of  the  matnisa  on  which  the 
sublimate  is  situated  iu  the  flame.  If  the  subli- 
mate consists  of  arsenic  it  will  volatilize  and  yield 
the  arsenic  odor. 

The  second  method  consists  in  decanting  the  solution  of  arsenate, 
nitrite,  aud  nitrate  of  potassa  from  the  residue  iutu  a  test  tube, 
adding  a  few  drops  of  sulphide  uf  amniunium  and  agitating  the 
whole,  after  which  the  resulting  sulphide  of  arsenic  is  precipitated 
with  dilute  hydrochloric  acid.  The  fluid  is  boiled  to  facilitate  the 
Beparutiuu  of  the  precipitate,  which  is  filtered  out.  thorun^'hly  dried, 
and  triturated  iu  the  mortar  with  four  to  live  parts  of  dry,  neutral 
oxalate  of  pntassa  and  some  charcoal  dust,  or  with  a  mixture  of 
cyanide  of  potassium  and  soda,  and  then  heated  to  redness  in  a  not 
too  narrow  glaas  tube,  closed  at  one  end,  or  better  still,  in  a  narrow- 
necked  matruss.  Fig.  75. 

Sulphide  of  potassium  and  metallic  arsenic  are  produced  and  the 
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lutter  forms  a  sublimti^,  which  may  be  recognized  by  iU  lustre  aud 
crystalline  cbamcter,  or  if  only  in  trifling  quantity  may  be  volatil- 
ized and  detected  as  above. 

It  is  very  essential  in  such  reduction  assays  that  the  raixtur«  t« 
he  treati'd  shall  be  aa  free  ft'om  water  as  possible,  and  therefore  \ioUi 
the  substance  and  the  reducing  agent  should  be  thoroughly  dried. 

According  to  Vogfl,  the  minutest  quantities  of  ar&cuic,  wlncb  Iijf 
the  usnul  method  on  coal  produce  no  garlic  odor,  can  be  detected  iff 
mixing  the  arsenical  substance  with  charcoal  dust  and  a  very  dilute 
solution  of  shellac  and  forming  from  this  paste  little  rolls,  which 
arc  treated  like  cracking  coals.  The  glowing  coal  emits  the  same 
garlic  odor. 

SULPHIDE   OF  ABSEHIC. 

Realgar  and  orpiment  treated  in  the  matrass  fuse,  boil  and  we 
sublimed;  the  former  yields  a  sublimute  red  when  cold;  the  lattor 
adark  yellow,  and  both  sublimates  are  transparent,  Uently  ht-atfd 
in  the  open  tube  they  burn  and  yield  sulphurous  and  arseuous  acida 
Too  strongly  heated  a  part  of  the  agsay  is  liable  to  BabltXM 
unchanged.  Ou  coal  they  barn  with  a  whitish-yellow  flame  ami 
grayish- white  fumes. 

Metallic  areenic  may  be  obtained  from  sulphide  of  arsenic  ia  tw> 
ways:  According  to  Berzelius,  the  snlphide  carefully  heated  »n  the 
open  lubt;  is  decomposed  into  arsenons  and  sulphurous  uuids,  the 
former  collecting  as  a  ciystalliue  sublimate.  The  tube  should  Iwheld 
inclined  and  heated  a  little  above  the  assay,  so  that  the  a#oeiid[)ig 
fumes  may  paea  tliia hottest  spot  and  be  perfectly  burned,  The  tube 
Je  then  dniwu  out  jnst  above  the  sublimate  with  the  aid  of  the  spirit- 
lamp,  and  the  argenuus  acid  then  driven  into  the  drawn-out  portioQ 
and  there  reduced  by  an  inserted  splinter  of  charcoal,  as  will  be 
described  in  detail  ou  a  following  page. 

Another  very  simple  method  consists  in  mixing  the  snlphido  of 
arsenic,  or  the  snlphur  to  be  tested  for  arsenic,  in  the  mortar  vi^ 
four  volumes  of  neutral  oxalate  of  potassa  and  a  little  churcotil 
powder,  or  with  six  volumes  of  the  mixture  of  cyanide  of  pota^siuin 
and  sotlu.  and  gradually  heating  the  mixture  to  fusion  in  the  glaW 
tnbe  or  matm««,  a»  beforu;  described  for  sulphide  of  arsenic,  p.  347. 

When  the  amount  of  arsenic  ajipears  very  trifling  in  cnnipMrisiin 
with  tin*  enlphur,  it  is  as  well  to  remove  the  excess  of  the  latter  by 
BubUming  it  at  a  gentle  heat  in  a  matrass,  and  then  to  break  up 
the  matrass  and  treat  the  pulverized  residue  by  reduction  in  a  nur- 
row-necked  matrass. 


ABSEXK-— SULPHO-AfiSENIDES,   Eia 


31» 


SULPH0-ARSBK10E8. 

The  natural  sulpho-arBcnides  yield  in  the  closed  tube,  accoi-ding 
to  tbeir  varying  compoeitiun.  ^lartly  u  Utile  »ulpltidu  of  arsonic  with 
much  metallic  arsenic»  partly  sulphide  of  arsenic  alone,  while  part 
yifld  no  sublimate  whaU-ver.  In  the  open  tube  tht*y  all  yidd  arm-n- 
oiis  and  eulphnrons  acids.  The  metullurgical  pi-uducis  corKuiuing 
compound  sulphides  and  arsenides  in  not  too  small  quantity  show 
the  same  behavior. 

On  coal  in  R,  F,  they  frequently  emit  a  distinct  arsenical  odor,  but 
sometimes  a  small  ipiantity  of  arsenic  cannot  alway»  be  thu^  p^T- 
ceived,  sinoe  it  either  volatilizes  in  combination  with  arsenic,  or  in 
the  presence  of  cobalt  or  nickel  is  mtt  volatilized  at  all.  Such  8iil>- 
Btances,  including  chiefly  many  metallurgical  products,  viz. :  Uoli- 
atein,  lead  matt,  cadmia,  etc.,  may  be  iiowdered,  mixed  with  thive  to 
four  parts  of  neutral  oxalate  of  potaasa,  or  cyanide  of  potassium, 
and  fused  on  coal  in  K.  F.  Suljihur  is  thus  separated  as  stilpliide  uf 
potassium,  and  the  arsenic,  if  not  combined  with  cobalt  or  nickel, 
volatilizes  with  its  peculiar  odor. 

When  tills  method  yields  no  satisfactory  result  a  oertaia  one  maj 
be  obtaint'd  by  the  process  for  metallic  compounds  containing  little 
nie,  p.  346,  tt  aeq. 


&R8KN0LITE   (aIUEKOCS   ACXt>). 


r 

I  In  the  matrass  sublimes  very  readily,  and  the  crystalline  subü- 
Imat«  often  shows  dial  iuct  octahedra  under  the  magnitier.  Accord- 
ing to  HerzcliuB  very  trifling  qnantities  of  areenous  acid  may  be 
reduced  to  metal  by  uaing  a  glass  tube  drawn  out  to  the  diameter  of 
ft  coarse  knitting-needle  and  sealed  at  the  narrow  end.  The  arsen- 
ooB  acid,  which  may  amount  to  less  than  one  milligr..  is  placed  in  the 
drawn-out  part  at  a,  Fig.  76, 

and  over  it  is  inserted  a  splin-  fl^^^^SÜS^^H^^^^^^^ 
ter  of  charcoal  reaching  from  "■^^■•^^^^^^^™^^^^^^/ 
e  to  b.  The  narrow  part,  ci,  is  '  '^^  "" 

then  heated  in  the  spirit-lamp,  until  the  charcoal  glows,  when  the 
end  containing  the  acid  is  likewise  drawn  into  the  flame.  The  vapor 
of  arsenous  acid  passing  over  the  glowing  coal  is  reduce«!  and  ii 
metallic  coat  of  arseuic  forms  in  the  adder  part  at  d.  Should  tb^ 
&motmt  of  arsenons  acid  be  very  trifling  indeed,  only  a  black  film  of 
%rsenic  will  be  produced  between  c  and  d,  but  by  gradually  bringing 
the  flame  nearer  and  nearer  to  tlits  it  may  be  driven  together  to  a 
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ring,  and  if  the  tube  is  cut  off  at  c*!lnd  the  portion  d  Iu'ld  n  irf 
flame  the  arsenic  will  be  TolatiHzed  nnd  afford  itc*  chariicteristic  n-W 

Heated  alone  on  ooal  araenona  acid  volatilizes  without  dilfTiFinc 
any  odor,  but  when  mixed  with  moist  oxalate  of  potassa  aod  t^'s^■d 
ill  li  F.  it  is  reduced  to  metallic  arsenic,  which  volatilizes  and  uti'onis 
the  arsenic  odor. 

Oxide  of  antimony  (antimonons  acid),  destined  for  medicinal  and 
pharmaceutical  purposes,  ranst  be  tested  for  arsenoua  acid,  and  if 
not  mnch  less  than  a  thousandth  part  is  present  it  will  uffi-rd  adii- 
tinot  arsenical  odor,  when  the  oxide  of  antimony  is  treated  od  conl 
in  R.  F.  with  neutral  oxalate  of  potass»  or  cyanide  of  pot'ifBinia. 
Should  this  test  give  no  decisive  result,  a  reduction  assay  mnit  be 
made  in  the  matra^,  with  oxalate  of  [wtasita,  or  a  mixture  of  cyauidc 
of  potassium  and  soda  Oxide  of  antimony  containing  less  lliaai 
thousandth  part  of  oraenons  acid,  when  heated  to  redness  in  a  mu^ 
row-necked  matrass  with  three  volumes  of  the  neutral  oxalate  ftnd 
one  of  charcoal  dnst,  will  afford  a  very  distinct  metallic  mirror, 
which  on  further  treatment  in  the  spirit  flame  is  volatilised  witli 
an  unmistakable  arsenio  odor. 

AltSBXIC  ACIIk 

Strongly  ignited  in  the  matrass  it  is  converted  into  arsenous  seid, 
which  snblimes,  and  oxygen  which  escapes.  On  cual  it  is  reduced 
to  metal,  which  volatilises  immediately  and  diffnses  a  strong  arseuc 
odor. 

COMPOÜKDe  OP  THE   ACtDS  OF   ARSSVIO   WITH    RASTHS   AKH 
XETALUC  OXIDBS. 

These  compoonds  may  be  tested  for  anxiuc  in  rariotis  waya  A 
few  arsenates  can  be  recognised  by  the  crystalline  afsenous  acid 
which  they  yield  in  the  matrass»  ridt  anenatee  of  iron,  cobalti  «ad 
nickel.  The  greater  nnmber  are,  however,  recognised  by  the  light* 
blue  color  which  they  impart  to  the  flame  when  tested  in  the  forceps, 
pxvvided  the  bases  themselves  do  not  color  the  flame  intt^mely, 
J.V  7E».  Vi'hen  the  presence  of  axseuic  or  arsenoos  acids  cannot  be 
detected  by  testing  the  salts  alooe,  prefer  reagenta  most  be  em- 
ployed. 

A  very  simple  method  of  rscogaiziog  anenates  oooBsta  in  mixo^ 
the  powiler  with  «oda,  or  better  still,  with  nential  oxahUe  of  potaasi, 
or  Cyanid«  of  potassium,  and  tmting  it  in  R  F.  on  ooal.  when  the 
odor  wiU  riiow  whether  metallic  arseiyo  is  liberated  or  not.    This 


an 


;  and«  off  ■cieitie 


I 


■tif  iWiiiii  m.  all  tmem,  lyccuHr  vbt« 
I  tiifiag  ^snAitf  vith  ^taltie 
oxida^  vfak^  n«  fiMtOr  n4aeetf  lad  tkem  fmm  fhoUi  wpiiwiA 
vith  the  mnemc,  fiva  vbiek  &e  httcr  ob  ooIj  be  arpintHt  vith 
difficulty.  Uales  ncfc  aneue  ^tn  pkimmt  it  wgbt  bappm  fiwt 
none  oF  it  voald  ibea  Ve  fibmted.  la  «Mb  eaas  ibe  pruoea 
described  fbr  deuctiag  ^aaD  i|naatitBi  «f  aneaic  in  aieCaUio 
oompooiidiy  p.  !U6,  n  fioDovcd,  bat  ia  place  of  tbe  aitic  a  mUCai«  of 
equal  parU  of  aitrr  aa4  soda  a  a»d  fiir  tbe  teioo. 

Anenates  and  araeaitea  of  faaaes  «biefa  are  ndaced  with  dJEcnity, 
or  when  caailj  ndaeible  bave  bo  greai  affinitr  for  arseiüc,  oaa  be 
tested  by  mixiDg  the  fine  powder  with  three  to  Ibor  volnaM«  of 
racutrftl  oxilatc  of  potaasa,  or  a  mixtare  of  cjmatdr  of  potasniim 
!hnd  soda,  mad  fating  it  in  a  matiae&  B^axd  mmt  be  had  to  all 
tbat  has  been  aüd  ob  p.  347.  Quite  diatinct  mirron  are  obtained 
Irom  nits  of  the  earths,  or  oxide  of  sQrer;  «omewbat  lees  distiaot 
niirroni  from  salts  of  iron  or  copper. 


^B  Tallnvim« 


2A.  TsLLraxirx,  Te. 
lU  oecwrrenee  im  tJu  mintrai  kingdom. 


as 


'  Tellnrimxi  nBnally  occurs  in  the  mtialUe  gtate : 
a.  Alott«  in 
Native  tellurium,  Te,  which  is  aeldom  free  from  other  metals^ 

•         gold  and  iroa. 
b.  Combined  with  other  m«/dZ«; 
Melonite,— Ni'Te'; 
Altaite  and  nagyagite,  vide  lead ; 
TeLrodjmite,  vide  biämaih ; 
Hessite  and  petzite,  vide  sÜTer 
SyWanite  {tniHierite),  vide  gold. 

Tellnrite  (teUurous  acirf),— Te,  is  eaid  to  accompany  natiTe  tellurium 

I        occasionally. 
Montanit«,  vide  bismuth. 


Examination  for  TaUorinm. 


yattve  teUvrium  in  tbe  open  tube  fuses,  bums  with  a  bluish- 
green  flume,  and  emits  fumes.  The  fumes  collect  within  the  tube 
to  a  groyieh-whitc  sublimate,  which  when  strongly  heated  is  con- 
Tcrted  entia'ly  into  tellnrona  acid  and  fuses  to  clear,  lruns|MirHit 
drop«.     On  coal  it  behaves  as  stated  on  p.  66,  but  the  volatilising 
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tellaiium  generally  leaves  a  slight  residue,  vhicb  treated  with  bom 
and  a  liltlc  tost  lead  in  K.  F.  imiiarts  an  ifon  color  to  the  glass,  atid 
the  lead  yields  by  citpellation  a  small  gold  button. 

Compuuiid  6ub»tauce8  may  be  tested  fur  tcUuriam  bolb  in  the 
open  tube  and  on  coal  The  behavior  of  the  uboTe-named  com- 
pounds of  tellurium  with  other  metuls  in  the  opt-u  tube  is  given  io 
tlie  corresponrling  places,  but  it  may  be  generally  remarked  that  is 
roasting  a  mineral  containing  tellurium  in  the  open  tube,  the  latter 
volatilizes  more  or  lesa  completely,  is  changed  to  tcllnroua  acid  Kiid 
forms  wliiU'  fumes,  which  condense  rather  near  tbc  u&my.  On  IkhI- 
ing  the  tube  where  the  coat  is  thickest  with  the  bloupipe  flame,  the 
acid  fuiseg  to  clear,  colorless  drops,  most  distinctly  }>erceived  with 
the  magiiirier.  It  should  not  be  heated  too  strongly  or  too  lunc. 
however,  ua  tellurous  acid  does  not  withstaud  the  heut  under  acofsa 
of  air.  .Should  much  li^ad  be  present  a  gray  sublimate  forms  Qwr 
the  assay  und  a  white  one  further  from  it.  The  latter  fnses  to  cnIu^ 
less  dn)|>s  wiLb  a  moderate  heat  and  therefore  consists  of  tellunmd 
acid,  while  the  gray  sublimau.*  d^ies  not  fuse  to  drops,  but  is  altcrtd 
to  a  halr*fuscJ,  gi-uyish  tilm  on  the  glass.  According  to  Berzeliue,  it 
is  tt'llurate  uf  lead. 

M'hen  bi.smuth  is  present  it  remains  behind,  and  the  t^Uariom 
sublimes  as  tellurous  acid.  On  continued  lieating  the  remaining 
metal  oxidizes  on  the  surface,  and  is  surrounded  by  faaing,  hromi 
oxide  of  bismuth. 

In  many  cases  the  examination  for  tellurium  may  also  be  advan- 
tageously condncted  in  the  n|o8e<l  tube.  It  is  well  known  that  id* 
lurium  in  combination  with  jHjtussiura  or  sodium  furmji  a  pur}i)e 
solution  in  boiling-hot  water,  and  thus  its  presence  can  be  detrctril 
According  to  Bi-rzelius,  it  is  therefore  only  necessary  to  triturate  tlic 
substance  with  soda  anti  some  charcoal,  fuse  the  mixture  iu  tbe 
closed  tube,  and  after  it  is  cold  to  drop  a  little  boiliug  watur  into  tlie 
tube.  After  a  time  this  assumes  a  more  or  leas  intense  purple  color, 
from  the  dissolved  telluride  of  eodinm. 

Tiiis  U-8t  is  applicable  not  only  to  substances  containing  met 
tellurium,  but  also  to  the  acids  of  tellurium,  which  are  thus  redno 

According  to  von  Eobell,  the  natural  tellni-ium  compounds  wbrn 
gently  heated  in  a  nuitrass  with  much  concentrated  sulphuric  mH 
impart  to  it  a  juirple  or  hyacinth-red  color,  whicli  dieai>pcar8 
adding  water,  while  a  blackish-gray  precipitate  is  formed.     When  a 
mineral  containing  tellurium  is  tnated  on  coal  it  genendly  yieltha' 
white,  telhiriMis  acid  cuat,  with  a  ix-Jdish-yellow  border,  wltieh  Jij- 
apjx'ui's   mulvr  the  R.  F.,  imparting  to   the   flame   a  green,  or  in 
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|jire«eTice  of  selenium  a  bluish-green,  tinge,  p.  66.    Should  the  liorse- 

1  radish  odor  lie  nlso  peroeived  this  i«  a  certain  indicatiou  of  seleuium. 

If  the  miuerul  cuntaiua  lead  or  bismuth  aud  is  treated  alono  ou 

coat  for  ouly  a  few  luonicnts,  no  pure  tellurons  acid  ooat  is  obtaiue<1, 

but  a  mixture  of  thi«  with  oxide  of  lead  or  bismuth  is  liable  to  be 

deposited.     This  difiiciilly  can  be  rt-medied  by  mixing  the  pnwdcred 

assay  with  «n  equal  volnme  of  vitrified  boracic  acid  and  treating  it 

in  B.  F.    The  oxide  of  lead  or  bismuth  is  dissolved  in  the  boracic 

'acid,  notwithstanding  the  p'ducing  flame,  and  yields  no  coat,  while 

Uhe  tellurium   alone  volatilizes  and  coats  the   coal.    When  mncli 

selenium  is  also  present  a  portion  of  it  is  deposited  ou  the  coal,  and 

When  the  tellurons  acid   coat  is  less  distinct.    In   such  ca«os  the 

[mineral  must  also  be  lestod  in  tlie  open  tube. 

Melonite  in  the  open  tube  gives  a  sublimate  fusihltf  to  eolorlesS' 
drop8,  and  leaves  a  gray  mass;  on  coal  burns  with  u  bluiäh  flame, 
giving  a  white,  volatile  coating  and  a  gre<?ni8h-gruy  residue ;  in  It  F. 
with  soda  a  gray  powder  of  magnetic,  metallic  nickel  (Dana). 


|C.   Examination  for  Non-IVIetallio  Elements  and  Acids^ 

1,   OXTOEN,   0,    AND   IlTDROaEX,    II,    IN   COMBIXATIOK  AS 

Watek,— il. 

Occurrence  of  water  in  the  mineral  lingdoin. 

It  forms  an  essential  constituent  of  most  natural  salts,  many  sill- 
cateSr  aud  the  natural  hydrates»  but  also  occurs  ouly  as  an  accidental 
ingredient  of  many  minerals,  as  shown  by  their  respective  cheoücfll 
.composition,  already  given  iu  various  places. 

Sxaraiiutton  for  Water. 

This  is  performed  very  simply  iu  a  matrass,  p.  21,  Fig.  ^0,  A, 
which  has  been  freed  from  moist  air  by  warming  and   drying   it, 

»p.  21,  after  which  it  is  gnuluully  heated  in  tiie  spirit  flame.  If  the 
aubstance  contains  mechanically  combined  water,  or  is  a  aalt  which 
contains  cheniicully  combined  water  aud  is  itself  aolnble  in  water, 
the  combined  water  will,  in  the  former  case  be  entirely  vaporized  by 
the  first  action  of  the  beut,  and  iu  the  latter  case  partly.  The  vapor 
■condenses  in  the  narrow^  culd  part  of  the  neck  to  drops,  which  are 
plainly  visible.  A  substance  which  is  not  soluble  in  water  seldom 
jrields  its  chemicsilly  combined  water  at  first,  but  when  the  matrass 
ps  heAtcd  to  ivdiiess  the  water  eaeapes  aud  condenses  aa  before.    To 

23 
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obtnin  a  dietinct  water  reaction  Trom  sUicAtee  contoining  little  water. 
tlicy  must  be  powdered,  and,  if  uet'csaary,  hcat«d  witb  the  blowpipf, 
£kime  pheuomena  which  may  (ic'car  while  testing  for  water  have  bern 
especially  noticed  on  pp.  60  and  6L 


a.  NlTROaElI,   K,  AJSU  OXTOBN,   0,  COMBINED   AS   NiTSIO 

Acid,— K. 
This  acid  oecars  with  potaAsa  in  niire^  vide  potassa;  with  and*  in 
$oda  nifrtt  vide  soda;  and  with  lime  in  nttrocalcite,  vide  lime. 

Examiiuition  for  Nftric  Acid, 

Induding  the  blotppip«  character ttt ice  of  nitrales  in  general. 

Nitmtes,  part  of  which  fuse  in  the  matrass  when  heated,  in 
thereby  decomposed  more  or  less  readily.  Wlien  the  acid  is  com» 
bined  witb  strong  base«»  oxygen  alone  is  at  firttt  libemt^d,  bDt  in  n 
small  quantities  that  it  cannot  be  recognised  by  means  of  a  gloving 
splinter;  nitrit«;«  remain,  which  are  jifrfectly  decomposed  only  by  • 
y^vf  strong  heat  Nitrate  of  ammonia  ftiaes  rery  easily  and  ia 
decomposed,  with  cbnUition.  into  water,  and  protoxide  of  nitrogen; 
if  lu^tvd  too  quickly  or  struugly,  or  in  a  matrass  with  a  namiv 
neck,  an  explosion  is  liable  to  occur.  Salts  with  weaker  bases  erolvs 
at  a  moderate  beat  oxygen  and  nitrons  acid,  the  latter  being  reci^ 
nized  by  iU  yellow  color  and  its  odor. 

When  nitratt-s  of  the  fixed  alkalies,  or  alkaline  OÄrths.  ar«?  « 
strongly  heated  on  coal,  that  the  coal  in  contact  with  them  gkw^ 
they  deflagrate  riolently  and  are  converted  into  carbonates.  Other 
nitmtes  deflagrate  less  viridly  and  learc  tlieir  boiu  u  earths,  metsl* 
lie  oxides,  or,  in  case  the  latter  are  easily  reduced,  as  metaK  which 
if  ToUtile  pass  off  partly  or  entirely  in  fernes,  and  coat  the  coal. 

A  small  amonnt  of  a  nitrate  present  is  another  salt  or  snbstsiiCB 
can  be  readily  detected,  by  hi-ating  it  with  rather  more  than  Iti 
volume  of  bisnlphate  of  potassn  in  the  closed  tube  or  matrass.  Th« 
tobe  is  then  fliled  with  gaseous  nitrons  acid,  the  yellow  cok^  nf 
which  may  be  roost  clearly  seen  by  looking  down  through  the  tolw. 
Should  there  be  so  little  nitrate  preaent  that  this  color  cannot  be 
plainly  seen,  the  minnt««t  quantitiea  may,  according  to  Stein  (Pf>^ 
Centntibl,  1850.  Ko.  93.  p.  1624),  be  detected  by  beating  the  ansT 
witb  1ith.irp\  which  at  first  abe(»'be  tlw  nitric  acid,  bnt  yields  it  ap 
at  a  higher  lomporaitnr«. 

A  slip  of  filter  paper  which  hcas  been  immcned  in  a  «ointion  n^ 
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itosiilphat«  of  iron,  free  from  sesquioxide  and  acidulated  with 
«ome  sulphuric  acid,  is  inserted  into  the  neck  of  che  tube,  and,  if 
nitrons  acid  is  preRent,  will  assume  a  yelluwish  to  brown  color.  In 
this  way  the  nitric  acid  iu  a  mixture  of  1  part  of  nitre  with  lOitO 
parts  of  Enlphate  of  soda,  containing  ouly  0.0005  nitric  acid,  can  bt* 
distinctly  shown.  The  paper  quickly  loses  its  oiilor  \t  too  strongly 
bcatcdf  and  therefore  thi*  tube  or  raati*ae6  shonld  be  rather  Inug.* 
Nitre,  soda  niirej  and  nitroaiJcite  are  immediately  recognized  as 
Ditrat«8  by  the  above  tests,  and  their  biides  may  be  Hi^tingiiished  by 
the  color  thoy  impart  to  the  flame. 

3.  Cahbox,  C,  akd  Carbonic  Acid,  Ö, 

Occurrence  of  carbon  and  carbonic  acid  in  fh$  minfral  hingdoni  and 
in  meiaUurgicai  prodvei«. 

Carbon  occurs  in  nature 

a.  Alone  in 
Diamond,  C ; 
AntlimcitCf  0,  which  leaves  on  combustion,  however,  more  or  leas 

ash,  consisting  of  äi,  äl,  and  1^  \ 
Native  coke.    Some  varieties  afford  bitumen. — Dana. 

Oruphite,  C»  nsoally  containing  Fe,  Si,  Ca,  ^  and  ä  ;  sonietimea 

also  Cr ; 
Black-ljand   from  Westphitlla  and  England  consist«  esgoiitinlly   of 

Pe  0,  with  a  litüe  (Ca,  ftg)  0,  Ö»  5,  Si,  'Ji\,  ]Pe,  and  Ü.  with  VZ 

to  3d  coal ; 
Pyrorthite,  vide  cerium ; 
Slate,  vide  potasaa. 

b-  Combined  with  htfdrngen  in 
Idrialite, — C  H*,  with  04.8  C  and  5.2  H,  mixed  with  cinnabar  and 

earthy  substances  in  inßammahle  cinnabar  ( Quecksillterbranderi) 

from  Idria; 
Kamlite,— C  H,  with  92.3  C  and  7.7  H ; 
Fichtelite,  t^corctin,  hartite,   branchite,  compotinds   corresponding 

more  or  h»  closely  to  C*  H*,  with  88.2  C  and  1 1.8  H  ; 
Petroleum  (raphtha,  mineral  oil),  from  various  localities, — C  H  or 

C*  H*,  with  85.7  to  87.8  C  and  12.3  to  14.;t  11 ; 


>  If  the  nHurKc  contaiiu  peroxide  of  laid  and  there  rtc  metntlic  cblorMe«  pnami; 
htoric  acid  or  rhlurine  &rp  ptuItmI  by  tht>  hfjit  and  thvr-  n1<o  cnlor  the  paper 

r  prcaenre  at  the  peroxide  is  detected  br  hentiaf;  the  lilhnnjr  with  ult  uid  hitml* 
phite  of  pot>MJ^  when  chlorine  \»  liberated  aod  con  be  nxt>-^ni/,rNt  hy  its  odor  or  hj 
ita  blcnchio);  cficct  on  tndigo  paper. 
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Ozocerite,  paraffin,  liatchcttitc,  itefY-gil,  probably  C  H ; 
Scheerfrite.  perhaps  C  H',  with  75  C  and  25  H; 
Khiti-Titt,  e^Mitiolty  CH*. 

I>iinu  rniinierntes  further,  nnder  simple  hydrocarbons: — Chriäu 
tit*?,  pittolium,  uqxnhite,  hatchettito,  zietrisikit^,  and  naphthalin. 

e.  Comhini^'d  with  hydmgen  and  oxygen  iu 
AsphaUnm. —  C,  H»  0,  in  varying  proporttoos; 
Btitinitc  {Erdharz),  which  name  i8  properly  nscd  to  designate  ihe 

miueral  resins  of  brown  ooal;  hert'  may  be  included  Jcrmouit^ 

— C*  n'  0 ;  walchowite,— C*  H*  0 ;  pyroreün,  of  mmilar  < 

poeition ;  piauzite;  antbraooxene; 
Middletouite.-C-  H"  0,  with  8Ö.3  C,  7.91  H,  5.76  0; 
Sckntinite,— C"  H'  0,  with  80  C,  9.3  H.  10.7  0; 
Oopplerite.— C  H'  0',  with  5L6  C,  5.3  H,  43  0; 
Amber  (jwrn/iiVf), — C,  H,  0;  amber  noosists  of  gnccinic  acid,  in' 

ethereal  oil,  two  renins,  iolable  in  alcohol  and  ether,  mid  an 

insolnble  sabstjince^  the  succiniit  proper,  which  forms  the  cliirf 

oonalituent ;  according  to   SchrOtter  the  whole  mass  may  be 

«preesedbyC^H'O; 
Bituminons  coal, — C,  H,  0,  in  variable  proportions,  with   oartcni 

predomiuating  (71  to  96  per  cent) ;  oxygen  =  3  to  30  {kt  cii]t<; 

hydrogen  =  0^  to  6-5  per  oent^  and  Tcry  little  nitrogen :  fnrtlitf 

impurities  (I  to  30  per  cent.)  arising  fh)m  earths,  metallic  oxiil« 

and  sulphides,  especially  iron  p\Tites; 
Krown  coal  and  lignite;  composition  edmilar  to  the  preceding» IfOt 

more  oxygen  and  oitrc^n  ; 
DyaodHo,  according  to  Ehrenberg  a  polishing  aUto  oonpoeed  nf  iofU- 

sorial  stiells  and  permeated  with  minenl  ramn. 
Dana  further  caamentt««,  nnder  nffmaled  A jNfroosrAoaM : 
eerite,  geomyricite,  eopalite,  ambiit»,  bathvUIite^  xjknvtlnite,  1 
prtrit^  ««oamitcv   rochlederite,    sdilaiiite^    gnyaqniltifce,    utaBeSdU^ 
taBBHUkitcw  and  hirotteL 

Under  ttfid  vjfmmlti  kg^mmi  inm:— Bntyrcllrte,  geoonelUte, 
braeckDerelUte,  snccinelhte,  retineUit«,  and  iMiknfllitc 
iL  Oonibined  with  «inv^vj»  as  ctr^uuc  mad. 
Qubonio  acid  is  foand  in  nature,  both  a«  a  tne  gm,  and  oombin«d 
wiUi  haata  in  many  mineral^  which  have  alnadj  bMO  imiiMialnl 

Small  qoaatitie*  U  oarboci  an  ttfcevim  diaaeminntod  thvongiioat 
aereial  mineraK  eilbcr  free^  «>r  «ombincd  wHh  hydrogen,  oiyg». 
•r  nitrofm.  In  mftaUmgicnl  |w<>d»tiU  cartiim  ins  aa  camatial 
«mstiineal  of  ram  «rw  and  ttmK  «Ule  other  ^ndncta»  eapedatt; 
in«  hmn<  tn%mmQj  eoniain  a  tiUW  emten,  ndr  iroa. 
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Examination  for  Carbon  and  Carbonic  Acid, 

iKJtitäing  the  blowpipe  characteristics  of  tfie  mxneraU  belonging 

here. 

Diamond. — The  experiment  of  Pclzboldt  indicttte  that  no  extraor- 
dinarily high  temperature  is  rtquireU  for  the  cnmbustion  of  dia- 
mond, bnt  that  diamond  dust,  pro<]iiccd  by  rubbing  two  diamonds 
together,  may  be  burned  on  platinum  foil  over  the  üpirit-lump,  and 
it  is  aaid  to  glow  ae  brightly  us  coal  dust  nnder  similar  irojiLmunt. 
A  small  diamond  placed  on  the  foil  is  Mid  to  be  likewise  entirely 
eoiisuDied  by  directing  the  blowpii«  llame  down  u\nn\  it,  M-hiJe 
toward  the  end  it  glows  brightly.  A  very  higli  tem|Hrature  is  neces- 
sary only  in  burning  larger  diamonds.  The  product  of  combustion 
is  carbonic  acid  gas. 

Anlhracite  usually  yields  in  the  matracs  moistnre,  but  no  cmpy- 
renmatic  oil;  it  is  not  combustible  in  the  cuudle-Qume.  Heated  in 
the  platinum  sp*>on  with  the  O.  F.  it  bums  very  slowly,  without 
flame,  and  leaves  an  ash,  conlnining  mure  or  less  iron. 

Graphite  sometimes  yields  considerable  water.  Ueated  over  the 
spirit-lamp  in  the  platinum  »poon  it  is  unaltered  ;  in  the  forceps  in 
0.  F.  it  gnidualJy  decreases  in  vohime.  The  streak  pruducfd  by  it 
on  tire-clay  and  ignited  in  tlie  0.  F.,  until  all  the  carbon  is  gone, 
iVcqueutiy  becomes  red  from  oxide  of  iron.  Tlie  powder  healed  to 
rednues  with  nitre  ia  the  platinum  spoon  deflagrates,  and  after  wash- 
ing away  the  salt,  now  chiefly  altered  to  carbonate  of  pot^ssa.  eartlty, 
and  metallic  admixtures  remain,  which  may  be  further  tested  as  for 
silicates,  p.  15d. 

Black  band  from  Westphalia  yields  water,  and  a  feebly  i)itnminona 
odor  in  the  matrass.  li.  B.  on  cual,  burns  reddish-brouu.  Acids 
liberate  carbonic  acid;  when  boiled  with  aqna  regia  it  finalty  leaves 
only  coal  and  a  trace  of  silica. 

hifiammnble  cianahar  {Qm^cksilLerbrnnderz)  from  Idna,  contain- 
ing iilrialile^  fuses  in  the  matrasd  and  evolves  mercurial  and  Bulphur- 
oas  vapors  and  heavy  carburetted  liydr«)gen.  leaving  a  coaly,  {^»orous 
rendne.  B.  H.  on  a  clay  capsule  it  takes  fire  and  burns,  evolving 
smoke  and  sulphurous  acid,  and  leaving  a  brownish-red  ash. 

KcBtiliU  fuses  at  114"  U.  and  is  decomposed  with  ebullition  at 
200°.     It  leaves  a  coaly  residue. 

Otocerile  fuses  in  the  eand]e-6ame  to  a  clear,  oily  fluid,  which 
Bulidißea  on  cooling.  At  a  higher  heat  it  burns  with  a  tlame  and 
TnlittiliKcs,  sometimes  leaving  a  slight  coaly  residue. 
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Seheereritey  according  to  Stromeyer.  fuse«  at  45*  C.  to  a  colorlese 
lluid,  which  oil  Cüuliiig  fomig  a  rudiutcd  mass.  Above  100^  it  vola^ 
Lili?,ei)  and  »iiidense^i  in  luiiculur  crjstala.  It  burns  txinipletel^  with 
tt  äomewhat  sooty  flume  and  slight  odor. 

Afp/itiifum  funs  very  easily  in  (ho  matrasa»  evolving  an  empyrvu- 
lualic  oil,  a  liitk-  ammoniacal  Miiur,  and  combustible  gufies,  aod 
leaving  a  coaly  residue,  which  yieldü  by  cuuibustion  on  a  clay  cufisnle 
uu  U8h,  consisting  chie6y  of  silica,  alomina,  and  eesquioxide  of  iimd. 
It  burns  with  a  bright  flame  and  much  smoke. 

lietiniie  from  Hull«  fuses  in  the  matraas,  blackens,  and  yields* 
brown,  thick  oil  and  acid  water.  It  burns  with  a  bright  flame  uoJ 
much  smoke. 

Amber  fus«^  with  some  diCflculty  in  the  matrass,  yields  wai«r,_ 
era^jyreumatic  nil,  succinic  acid,  and  gase%  and  leavuii  umber  rvs 
[Brriniitfiincü}ophtn\um\ 

it  burns  with  a  bright  flame  and  a  pecniiar  agreeable  odor. 

BtinminuHn  rwtl  heated  in  the  matra:^  is  infusible,  clu*e-buming 
ciUil;  OT  sinters  together,  opcn-bnrning  coal;  or  U'comt-s  soft  un 
swells  up,  cukiug  ooaL    It  evolves  in  all  cases  empyreumatic  pr 
ducts  and  combustible  gases,  often  including  siilphnri^itcd  hydnj; 
The   ivi>idu(!  in  coke,  having  a  ninn>  or  less    metallic  lutsiiv,  whiO 
takt's  tire  with  difficulty  in  the  air  and  behaves  like  antbradtc 

Held  in  the  candle-flame,  or  Ixaied  B-  B.  on  the  clay  capfnile. ' 
bums  with  a  luntinoDs,  e^moky  flauie.  and  when  all  the  coal  is  co| 
sumed  leaves  an  ash,  consisting  of  silica,  aloinina,  lime  (g>li6uu 
and  sesquioxide  of  iron. 

Brown  coal  is  infusible  in  the  matrass,  bat  some  varieties  are 
sotnewhat  softened;  on  further  heating  they  evolve  combnslible 
gasejs  acid  water,  empyrcuiuatic  oils,  aad  a  |M>culiar,  ditfogrt^eable 
odor.  There  is  a  hu^  residne^  which  tested  in  the  open  air  behaves 
like  coal,  and  often  Ifaved  a  ounsidt-rable  aah. 

It  bnrns  in  iIk-  candle-flamo,  or  on  tlie  clay  capsule,  with  a  smoky 
flame  and  diaiigreeable  odor. 

Acconling  to  von  Kobell  bituminous  coai«  and  nrphttl/um  boiled 
with  jiolttSätt  lye.  impart  to  it  uuly  a  feeble,  yellowish  color,  or  none 
at  all  If  their  jiowder  is  boiled  with  ether  in  a  matrass,  or  cloaed 
tulx\  which  is  placed  in  hot  water,  asphaltnm  colors  it  winev  ot 
brv>wnieh-rv><l.  hut  the  coals  only  pale  yellowish,  or  not  At  alL 
Asphitlium  is  also  much  more  fusible  than  the  most  fnsible  bitumiu- 
oas  coals,  and  melt^  in  drop^  in  the  caudle  flame. 

Th«'  ^rotrn  cvnU  an?  rvatlity  distinguished  by  the  brown  color  which 
they  impart  to  boiling  potaesa  ly«.    The  bituminous  coals  ignited  ]  ~ 
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the  candle- flame,  or  before  the  blowpipe,  are  immediatelj  extin- 
guished wbeu  removed  from  the  flame,  but  the  browu  cuals  continue 
to  glow  fur  Home  time. 

Ih/soäiley  from  Gleimbach  ncarGicsscu,  bnnis  with  a  flame  and  a 
diäa^reuuble  odor.  In  the  matrass  it  ^'ields  water  and  a  relluw, 
empyn-nmatic  liquid.  B.  B,  it  scales  off,  and  alVr  the  organic  pur- 
tioDS  are  deatru^ed  leave«  a  red  residue,  which  strongly  beali'd  fuses 
to  a  rc-ddi£b-brown  slag,  that  scratchoä  gla^  and  is  not  attacked  by 
acid»,  but  yields  silica  with  potassa.  With  borax  and  S.  Ph.it  show« 
iron  uud  silica. 

In  minerals  and  other  substances, excepting  metals  and  tbeircom- 
binatiuns,  which  contain  carbon,  or  compounds  of  carbon  and  hydro- 
gen with  a  tiiQing  admixture  of  oxygen  or  nitrogen,  ttie  carbon  can 
be  detecttMl  by  ignitiun  with  autimonate  uf  [luia^a,  p.  51.  Tlie  tine 
powder  is  mixed  in  the  agale  mortar  with  two  to  tlaree  vulun»i.'ä  of 
the  antimonat«,  if  oonsistiug  chiefly  of  earthy  matters,  and  with  six 
to  eight  volumes  if  containing  metallic  sulphides,  aud  tlu-n  heated 
to  redness  in  a  matrass  over  the  spirit-lamp.  The  carbon  is  oxidized 
at  the  ex[)en6e  of  the  autimonic  acid,  forming  carhuuic  acid,  wliich 
combines  with  the  liljerated  potassa,  while  if  a  notable  amount  of 
carbon  or  sulphur  is  pivseut,  a  little  oxide  of  antimony  volatilizes 
and  partly  condenses  in  the  neck.  When  the  substance  coiisisls  of 
metallic  sulphides,  sulphate  of  potussa  and  a  little  sulphide  of  putas- 
eium  are  furmed.  Wlien  cold  the  matrass  is  tilled  nearly  to  the  neck 
with  water,  which  is  gradually  heated  to  boiling.  The  carbonate 
and  sulphate  of  jxitassa  dissolve,  with  part  of  the  nndeeumiwsed 
sntimouate  of  potassa,  while  most  uf  the  lutter  remains  with  the 
earths  and  metallic  oxides. 
_  To  the  quite  warm  solution  a  few  drops  of  nitric  acid  are  added, 
f  which  causes  eäcrvcsceuce,  more  or  less  lively  according  to  the 
amount  of  carbon  present,  Not  a  bubble  will  Iw  seen  to  ascend  if 
the  substance  contained  no  carbun,  but  several  will  be  perceived  if  a 
trifliug  amount  of  carbon  wiia  presfint.    It  must  lie  observed,  how- 

fever,  tliat  the  solution  should  be  warm  enough  Co  allow  the  carbonic 
acid  to  escape. 
Carbonates  vary  as  to  their  bi>havior  in  the  matrass  When  com* 
tolled  with  earths  or  metallic  oxides  the  carbonic  ucid  fre(|uently 
escapes  below  a  red-heat,  while  many  of  the  oxides  become  more 
highly  oxidised,  like  protoxide  of  iron.  Carbonate  of  magnesia  ie 
completely  decomposed  at  a  red-heat;  carbonat«-  of  lime  only  im- 
perfectly, but  it  can  be  enrii^'ly  decompus<'d  by  moistening  tlic  unde- 
[Composed  salt  with  water  and  again  strongly  igniting  it.    Carbon- 
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uUd  üf  the  Hxed  alkalies,  etrontia  und  banrto,  alune  are  not  altered; 
carbonate  of  amnioaia  sublimes  uuotmnged. 

AH  the  nou-Tolatile  carbonates  are  decomposErd  on  coal;  tfae  <ai- 
bonatea  of  the  alkalies  and  baryta  fuse,  sink  into  the  coal,  evoke 
carbonic  oxide,  und  react  very  strungly  alkiiUnc  on  moiätenod  Utmiu 
paper.  Carbonates  of  tfae  alkalies  fuse  with  silica  on  phitinnm  wire, 
or  on  coal,  with  efTervescencc  to  a  clear,  colorlcfts  glass :  they  alao 
yield  their  carbonlu  acid  with  effervescence  when  fused  with  bor« 
or  K.  rii^  as  du  also  the  other  carbonattis. 

The  simplest  method  of  detecting  carbonic  acid  with  ccrtai^ity  in 
any  substance  consists  iu  pouring  a  little  dilute  nitric  acid  upon  it 
in  a  glass  vessel  and  ubserviug  whetlier  any  efft.'rveK.vnce  ensues:  in 
cose  sulphides  are  certainly  absent,  dilute  hydrochloric  »cid  maybe 
used.  The  glass  shuuM  be  sligbtjy  heated  if  no  gas  ia  otherwise 
evolved.  It  is  not  well  to  nse  concentrated  acids,  si uoe  many  car- 
bonates are  only  soluble  in  dilute  ucids,  e.  g.  witherite- 

Examinjitlon  £or  Oarbon  In  MetaUorgicaJ  Prodncti. 

In  raw  irorij  steely  and  UarSy  the  carbon,  whether  chemicully  con 
bined,  or  only  disseminated  as  graphite,  is  most  simply  fonnd  by 
digesting  a  small  fragment  in  n  purcelain  dish,  with  aliout  i'lx  tiiiuü 
its  weight  of  fused  chloride  of  silver  and  some  watt^r  aetdnlaletl  with 
a  few  drops  of  hydrochloric  acid,  leaving  the  whole  oi>Tert;d  wiiJi  » 
watch-glass,  until  all  the  iron  is  dissolved.  The  iron  is  oinvt-rU-d 
into  prolochloridc,  the  curbou  remains  behind,  und  u  corn'^jHiniliug 
amount  of  silver  is  redaoed.  The  carbon  gen'*rully  contains  uariiiy 
matters  and  may,  if  desired,  be  tested  with  antimonulo  of  pulo^is, 
p.  351). 

Melallurgiuul  products  consisting  chiefly   of  metallic   sulphidel 
muy  also  be  tested  for  disseminated  co&l  with  autimonate  of  pota&jo. 


4.   BOROK,  B,  AND  BORACIO  AciD,  D. 

Occurrence  of  boracie  acid  in  tfu  mineral  kingdom. 

It  occurs  combined  with 

a.  Water  in 
Sassolite,— n  +  3  Ö. 

b.  With  soda  in 
B<tm\.  viih  ftwla. 

V.  With  ammonia  in 
LardoroUite,  tide  ammonia. 


EXAMINATIOX   PÜU   BOKAVIO  AGIO. 


avi 


d.  With  earth»  and  mdallie  oxides  iu 
Boracit«,  vide  magnesia; 
Ülexite, 


vid$  lime; 


Bon)CÄlcite, 
Hydroborocalci  te, 
Hydro  boracile, 
SnssoxiUs  vide  manganese. 

0.  In  silicates,  especially  in 
Putolik-, 
Botryolite, 
Axiuite, 
Duuburite, 
Toiu'maliue,  vide  magnesia. 


vid$  lime ; 


BxAmbiatlon  for  Boraolo  Aold, 
Including  the  blowpipe  diaracteriatica  of  t/te  minerals  containing  it» 

Sassolite  yields  in  the  matrass  water  and  a  little  ammonitL 

On  platinum  wire  ur  cculI  fuaes,  with  iutumescence^  t<:>  a  clear 
glass,  and  tinges  the  flame  yellonitih-gr^'en.  If  gypsum  is  preseut 
the  glass  becomes  cluudy  on  couling. 

Borax  in  tlie  matrass  yields  much  water  and  puffs  uji,  becoming 
black  in  the  hottest  parts,  from  cbarring  of  the  adherent  organic 
matters;  a  burnt  odor  is  also  perceptible. 

B.  B.  fusvs  with  intumescence  to  a  clear,  colorless  bead,  and  yields 
a  soila  flatne.  The  reaction  of  boracic  acid  is  only  obtained  by  the 
^jpciiil  Uist.  suDu  to  be  dei<cribi'd. 

LardereVUe  yields  in  the  matrass  water  and  ammonia,  and  a 
slight,  white  sublimate;  ut  a  higher  heat  it  fuses.  On  plutinum 
wire  shows  pure  lorucio  acid  reactions. 

^AU  the  borates  intumesoe  more  or  less  when  heated,  aud  then 
fkiae  to  a  head.  The  bases,  if  volatile,  are  removed,  e.  g.,  ammonia 
fiiid  oxide  of  mercnry,  and  leave  pure  borncic  acid.  When  the  bases 
do  not  color  the  flume^  the  salt  affords  the  yellowish-greeu  boracic 
acid  flame  When  no  such  flame  is  produced,  or  *vhen  the  substance 
containing  the  boracic  acid  doeü  not  also  color  the  flame  gi*eeu.  tho 

tacid  may  frequently  be  defected  by  using  snlpliuric  acid,  p.  75. 
Turner  W.i»  pro[>osi.>d  a  l«ät  for  boracic  acid  iu  salts  aud  minenüs 
as  follows: — The  flue  powder  is  mixed  to  a  paste  with  a  little  water 
and  one  part  of  a  flux,  consisting  of  fuur  and  om'-half  parts  bisul- 
pbate  of  polassa  aud  one  [)art  tindy-ixiwderpd  fiunrspar,  perfectly  free 
from  boracic  acid,  p.  51.    It  is  then  fused  ou  platinum  wire  within 
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the  blue  flume,  and  as  aokii  a«  the  watiT  is  expelled,  flnoborocio  acid 
in  formed.  Hlik-h  is  voluulized  aud  inipurU  u  j'cUuwisb-gTc.-C'U  Huge 
to  the  llami^  This  culurutiuu  is  vtry  tniubit^ut,  however,  aud  miut 
be  luokcd  for  nith  great  attention,  if  little  bonicic  acid  h  prvseat. 
Accx>rduig  to  ^Krlet»  thrco  to  luiu'  parts  of  the  Üux  &re  requisite  to 
obtain  a  sare  result. 


6.  SlLICIDM,  Si,  AKD  SlUCIC  ÄCU),  Si 

The  occurrence  of  silicic  acid  in  the  mineral  kingdom  and  M 
metallurgical  producUh 


Silicic  acid  üocurs  very  frequently  in  nature,  partly  free,  portly 
combin<-d  with  water»  und  partly  with  various  bases,  with  which  it 
forms  uatimd  silicates. 

a.  la  the  free  state  it  coüstitutes  quttrlz,  of  which  seTerul  varietiea 
aiv  diäiingniDlicd: 
liock  orystiil,  smoky  quurlz.  Si ; 
Amethyst,  Si,  with  a  very  little  Sa,  Ca,  Sig,  IPe,  etc ; 
Oi-diuary  niiurtz.  Si,  with  very  little  ^t:,  Siin,  Ä1,  Oa,  etc. 

Among  the  Taritiiies,  distiugui^hed  by  color,  lustre,  or  etmctar^ 
ar«: — Kose  quartz,  milky  qnart2,  siderit«  or  eupphire-quartz  (of 
indigo  or  Berliu-Muu  color),  pruse  (leek-grt-eu),  cat's  eye  (greenlib* 
white  t<i  j{reeui:jh-gray  aud  oiive-gi*eeu,  ulso  red  aud  brown),  avt-ntu- 
riu«  O'C^i'^^'*  ^^  °^  brown,  with  numerous  minute  scolce  of  mict, 
or  small  titi^ureä  in  dilfereut  directious),  fibrous  qanrtz;  in  parallal 
fibres,  iiggngatcd  into  tlatti-nt^d  gronps. 

Ferruginous  <iuurta,  bi,  mixed  with  red  or  yellow  oxide  of  irou; 
Horu^touf,  &i,  with  II  little  On,  XU  aud  £^c; 
Lydiuu  »ume  {tondmione),  5i,  with  Oa,  ÄI,  tV  and  C; 
Jasjier,  §i.  with  a  little  ÄI  aud  l^e; 

Chalccduiiy,  carnelian,  onyx,  sardonyx,  heliotrope,  plusma.  Mocha- 
stone,  Si,  with  vtry  small  qnuutitiea  uf  K,  5ia,  Sig.  Ä1,  undSe; 
Chrysoprase,  Bi,  combiued  with  a  little  Ca.  Xl.  E^*,  and  5ii; 
Flint,  Si,  with  trifling  amounts  of  Ca,  X\,  F^,  1^,  and  orgauic  nu^ 

LiTs; 
Agate,  composed  of  several  varieties  of  quarts  intermixed,  via.:— 
amtthyst.  chalcedony,  and  ja.tpor. 

It.  Combiued  with  vmter  silicic  acid  forms 
Opal,  essentially  amorphous  silicic  acid  with  0.1    to   13  per  ceat 
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vnter,  and  frequently  containing  »  very  little  £,  ^a,  Co,  l3[g, 

It  iuclndes 

iPrecioiis  upul,  tire-opul,  common  opal,  hydi'opliatie,  semiopal,  byolit«, 
mmilite,  oacholoiig,  ja*p-opal  (L'iaeii^OjMl)  and  fioriLo  (äilictiuaa 
or  jwiirl  sinter). 
Finally  are  to  be  here  included: 
Flout-stune  and  uluniocalcitt:,  cuutainiug  alumina  and  lime,  Tripoli 
slat«,  tripulitcs  and  int'uHnna)  earth. 
c.  In  combination  with   variuuä  basea  silicic  acid  forms  a  great 
Ittumber  uf  natural  aiUmtegj  which  bave  be«n  already  euumt>rutcd. 
[It  ia  also  a  f^biefcoüatitutinl.  ofmany  ores, dressed  on  the  large  scale, 
and  of  most  stags,  while  minute  quantiiiea  of  atlioium  also  occur  in 
raw  iron,  ateel,  and  certain  bearSf  p.  331. 


E3uimiiutio&  for  Silicic  Acid, 

eluding  the  general  blowpipe  c/taraderifitu:s  of  the  above-named 
minerals  and  ruetaUurgicat  pruducis. 

The  miuerolfl  eonmenited  under  guarh^  a,  yield  in  the  matrass  no 

|Trat«r,  or  only  traces,     B.  B.  tht-y  ure  qnite  inrusible.     Their  powder 

lifiäolves  slowly  in  borax   to  a  eleur,  diüicultly  fnsiblo  glass,  which 

Ivbile  hot  U  fri-quenily  colund  by  tlie  metallic  o.xid<^3  present.    They 

st'juüely  atiuckttU  by  S.  Ph.;  with  soda  they  t\iso  with  efferres- 

ence  to  a  clear  gluss. 

Tbc  minerals  enumerat^-d  under  opal,  b,  yield  more  or  less  water 
in  the  malrass  and  lose  their  lustre.  Ju  the  forceps  they  are  infusi- 
ble, and  if  quickly  heated  decrepitate.  AVith  the  fluxes  they  bebava 
like  the  precediug. 

The  gUiat/eHf  both   nutural  and  artificial,  can  be  recognized  by 
neons  of  S.  Ph.  and  sndu.     Tiiey  are  nearly  all  decomposed  by  S. 
Ij'b.,  the  Inusoa  combining  with  the  free  phosphoric  acid  and  leaving 
the  silica  iindissoIvL-d.     The  test  is  perlbrmcd  un  platinum  Wire  by 
fnsing  the  S.  Ph.  to  a  bead  and  then  attaching  to  this,  while 
,  u  few  \ery  line  splinters  of  the  silicate  and  treating  it  for  a  suf- 
Scient  time  in  0.  F.    If  the  silicuti-  can  be  tbiisdecomp^ised  the  bases 
FdisBnlve,  leaving  a  silica  skeleton,  which  tluatä  in  the  hot,  clear  bead. 
If  the  bases  yield  with  S.  Pb.  at  a  certuiu  saturation,  either  by  flani- 
og,  or  00  cooling,  a  milk-white  or  opalescent,  bead,  &  (/.,  lime,  mag- 
nesia, glucinu.  or  yttria,  the  bead  will  be  mure  or  less  cloudy  on 
oling,  and   the  presence  of  separated  silica  must  be  aäcerCaiued 
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while  it  is  hot.  Should  the  silicate  not  bo  decomposed  thus,  it  tnut 
be  testtd  in  ^Hmder,  when,  if  decumpusublc,  it  will  leave  u  gelutinool 
residue  of  eiliüu.  Silicates  of  which  the  bases  nro  chiefly  zircoiu% 
cuunut  be  ]KTfectly  decomposed,  even  in  fine  powder,  äiid  their  silioi 
is  beat  fonnd  as  described  ander  zircoiiior  p.  10*. 

When  a  subsUwce  eonLuius  but  little  of  u  silicate,  or  uiily  &oaie 
disseminat'cd  quartz,  the  silica  will  t)e  diss<:>lved  and  the  S.  Ph.  bead 
shovi  no  signs  of  separated  silicic  acid,  but  it  may  be  detected  in  ih« 
wet  way,  by  pruccediny  as  diivct^?d  for  silicatts  under  lime,  mag- 
nesia, and  alumina.  The  silicu  wlieu  thus  sepuiiited  can  be  casU; 
recx^nized  by  means  of  S.  Ph.  or  soda. 

With  soda  on  coal  and  on  platinum  wire  the  silicates  dissolre 
with  oflervescciice,  some  perfectly,  some  only  partially.  For  gpeciul 
descriptions,  vide  p.  87  tt  seq. 

When  a  comjxjund  of  oxidized  snbstjinces,  which  are  not  reducible 
by  soda,  contains  a  snflieicnt  amount  uf  a  silicate,  a  slight  efferrt^fi- 
cence  may  be  observed  when  testing  il  with  soda,  frum  which  the 
presence  of  silicic  acid  may  be  inferred,  pruvided  the  substance  JB 
free  from  other  acids  that  withstand  the  fire.  It  is,  however,  ftlw»yi 
safer  to  employ  the  wet  way. 

Tlie  silicium  iu  raw  iron,  xieel,  and  bmrSj  may  be  found  by  diswlf- 
iug  the  product  iu  nitric  acid,  or  decomposing  it  with  chloriile  of 
silver,  p.  300.  whew  silica,  carbon,  etc.,  remain  behind.  Tlie  residiu 
is  collected  on  a  liit'Cr,  incinerated  in  the  platinum  spoon,  iiud  ÜM 
reroaiuin''  silica  tested  with  sodn  on  coah 


6.  SPI.PHITR,  8,   AKD  SUI.PHURIO  ACID,  SL 

Thmr  occurrence  in  the  vtinernl  ktngdmn  and  in  metaUurpcal 

proäucU. 

Sulphur  occurs  in  nature: 

«.  As  native  Sniphnr,  S,  frequently  rendered  impure  by  qu 
lime,  iron,  coal,  water,  etc. 

h.  Combined  with  many  meialg. 
Snlphuric  acid   occurs  in  c^imbination   with   alkalies,  earths,  and 

metallic  oxides. 
Ml  the  minerals  containing  snlphur  or  salphuric  acid  have  ho^ 
mentioned. 

Among  metallnrgical  prodncts  sniphnr  forms  a  chief  ingrc-dient 
of  the  mttfis  (Steine  and  Leohe),  which  have  already  becu  euiitucr- 
ftted  under  the  respective  metalB,  and  is  occasionally  an  aeoessorj 
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Ingredient  in  certain  raw  metals  And  compounds  of  metals«  whicb 
are  to  1m>  submitted  to  further  treutmcut,  as  Id  raw  iron ;  also  lu 
certain  stags. 

Sulphuric  acid  conistitntes  a  chief  ingredient  of  ai'tißcial  siilphatos 
(vitriulä),  and  »cuiirü  in  givater  or  leäa  quantity,  combined  with 
earths  and  metallic  oxidrs,  in  ores  roaati-d  on  tliö  large  »ca-le,  wliich 
are  to  be  treated  for  their  metuls,  or  tlie  production  of  rtlum,  or  fiul- 
]ibatc  of  iron,  zinc,  or  oopiter. 

Examination  for  Bulpbur  and  Sulphuric  Acid, 

Including  the  general  blowpipe  characfen'glics  of  sulphates  and 

sulpftiies, 

M'atir«  sulphur  fuses  very  easily  in  the  matrass  and  subhmes  with 

a  hn)wnij*h   color,  but  becomes  yellow  again    on  cooling;   foreign 

iugredieiiU,  if  non-volatile,  remain  Iwhind.     Ignited  on  coal  it  barns 

I  with  a  liluish-flame»  evolving  aulphurous  acid,  which  is  recognized 

by  it«  characteristic  pungent  odor. 

In  its  ciimbiniition  witit  metiils  sulphur  can  be  detected  in  various 

ft.  In  certain  cases  by  heating  the  substance  strongly  in  the  closed 

'tube,  p.  6'i.  Some  sulphides  eontaiuiug  a  high  projiortion  of  sul- 
phur yield  a  sublimate  of  the  latter,  «.  ^.,  Fe,  l^e,  Mu,  Cu.  If  tho 
Bulphur  is  combined  wit]i   volatile  metal  a,  as  mercury  or  eirsenie,  it 

I  sublimefi  in  combinutiuti  with  the  metal,  and  tlie  sublimate  may  be 
recognized  by  its  color,  virJe  sulpliide  of  arseuic,  pp.  63  and  348, 
and  citiniibar«  pp.  ti3  und  305.     When  the  enlphur  is  combined  with 

\  autimouy  a  stroDg  heat  produces  the  sublimate  of  Sb  with  5b, 
already  montiontnl,  p.  63. 

b.  liy  roasting  in  Ibc  open  tube,  p.  63,  et  seq.  Although  a  tri- 
fling amount  of  snlpluir  may  not  always  produce  the  odor  of  sal- 
phuraus  acid,  yet  the  latter  will  redden  an  inserted  strip  of  moist- 

reneil  blue  litmus  jiaper.  ^ubsLancea  which  contaiu  only  a  email 
amount  of  metallic  sulphides  and  yield  no  sulphurous  acid  when  iu 
fmgnieuts,  will  Jo  so  if  treated  in  the  powdered  state. 

r.  By  heating  the  aiibstance  on  coal  in  O.  F.  If  tlieni  is  but  little 
sulphur,  however,  the  odor  of  sulphurous  acid  will  not  always  be 
pcrcoptible. 

d.  In  moat  cases  even  a  very  little  milpliur  may  be  detected  by 
fosing  the  powdered  «uliHtance  with  two  parta  of  soda,  perfectly  free 
Arom  sulphate,  p.  -tti,  aud  one  part  borax  on  coal  in  K-  F.,  provided 
no  selenium  is  present    In  the  case  of  easily- f^isible  metals,  which 

.r^ntAin  only  finelv-difweminated  sulphides  ind  cannot  be  pulverized, 
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0;  g.t  raw  lead«  black  copper,  etc^  a  fragment  the  size  of  k  moitnd- 
BccU  or  sniJill  p+jipor-coni  is  need;  in  case  of  metaifi  that  ftiae  «Wi 
difficulty,  us  niw  iron,  the  necessary  amount  must  be  obtained  br 
filing.  While  the  powdeivd  substance  \&  fused  with  the  soda  uul 
Iwrax  in  It.  F^  or  the  glusa  treatt^d  bv  the  side  of  the  metal  fur  «anv 
time,  sulphide  uf  eodiuui  forms,  which  immediately  yields  h  ^ 
reaction  when  the  fiitted  muss  is  n-moved  from  the  coal,  puh'.^... .. 
placed  on  a  bright  äbeet  of  silver  aud  moistened  with  water.  8a]- 
pharetted  hydrogen  is  evolved,  which  color.'  the  eilver  qnitc  black. 
with  flulpbide  of  «liver,  if  a  noUiblo  amount  of  solpbnr  is  present; 
but  if  less  is  present,  only  dark-brown  or  yellow.  The  resutüDe 
stain  may  be  readily  removt-d  by  rnbbiug  it  wich  moistened  chareoil 
or  fine  bune  ash.  The  borax  acts  advantageously  by  preventing  the 
sulphide  of  sodiam  from  sinking  into  the  coal  and  by  forming  with 
it  a  mass  which  is  ri-mlily  removed. 

Since  selenium  forms  seleuide  of  sodium,  which  has  a  similar 
effect  on  silver,  the  substance  mnst  always  be  provioasly  tested  alone 
on  Cftal.  to  ascertain  whelhtr  a  selenium  odor  is  perceptible:.  ShonM 
selenium  uud  sulphur  occur  together,  the  test  for  snlphnr  mnst  be 
perfonned  in  (he  open  tube  and  the  fommtion  of  sulphurous  acid 
ascertained  by  the  odor,  or  with  moisLeneil  litmas  paper. 

The  suiphittt»  behove  variously  in  the  matrass  and  on 
coaL  The  sulphates  of  alkalie«,  alkaline  tarth*j  and  /aorf, 
are  not  at  all  decomposed  in  tlic  matrass.  An  imperfect  dvcompocf- 
tion  ensues  with  the  salts  of  other  strong  bases,  vis.:  protoxide*  of 
iron  and  manganeae  and  ozide  of  tine ;  the  heat  requisite  for  their 
complete  decom[>osition  cannot  be  produced.  The  salts  of  non~alkth 
line  earth»  and  the  ieeaJcer  metaliic  öateF  are  more  or  less  readily 
deoompoeed.  When  the  salt  sufftTS  partial  decomposition  snlpbnroiu 
acid  is  evolved  and  may  be  recognized  as  usual. 

On  coal,  especially  in  R.  F.^  the*  sulphates  of  the  fixed  attvf/ÄMand 
fl/i'/i/iHe  rar/Ax  are  converted  into  sulphides,  with  an  atkaltue  reac- 
tion, and  the  former,  after  sinking  into  the  coal,  are  partially  vol»* 
tiÜEod  and  form  a  white  coat^  p.  GO.  if  moistened  with  water,  or, 
bettor  still,  dilute  hydrochloric  acid,  these  sulphides  e%)1ve  sulpfaa- 
ii'tt*»d  hydrogen.  The  remainiug  sulphate«  evolve  Balphnrons  acid 
und  le^tve  jTurtly  earths  nr  metallic  oxides  partly  reguline  metals,  or 
metals  containing  sulphur,  provided  the  reduced  metal  la  not  voUr 
tile;  if  it  is,  a  coat  of  oxide  is  depocitod. 

The  trulphi/en  are  all  decompoeed  in  the  matrass,  leaving 
either  pure   oxide,  or  a  mixture   of  basic  sulphates  witli 
sulphides,  so  that  after  ignition  the  snlihiies  of  the  alkalies  or  alka* 
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line  earths  evolve  snipburettod  hydrogen,  if  moistened  with  dilute 
li_vdi-u<;hIoric  ncid.     On  coiil  tht-y  bt^havelike  the  eiilphates. 

Thfn*  are  two  ways  of  detccliug  Bulpbtiric  or  snlphuroas  acids  in 
Bu]|)h:itfS  or  sulphites  and  in  other  salt«  containing  small  quantities 
of  thes<;  iicids. 

a,  WIjcu  the  bases  of  the  ealt^i  i)rüdiice  no  culoratiun  in  the  glosB 
fluxes,  sulphuric  iicid  can  be  detected  by  forming  with  soda  and 
eihC-aon  coal  in  It.  F.  a  bead,  which  is  perfectly  (rlcar  and  colorlÄs, 
»nd  then  fusing  this  head  with  a  little  of  the  äult  in  K.  F.  and 
obaerving  the  color  of  tht*  cold  gla.s;3.  The  sulphuric  acid  id  rediieed, 
forming  Hulphide  of  »odium,  wliich  producvD  a  yellow  to  dark-red 
cidor,  according  to  the  amount  of  sulplinric  ucid  present.  Should 
the  baaea  \w  metallic  oxides  which  color  tlie  fluxea,  the  salt  must 

I  first  be  decomposed  by  mixing  it  with  once  or  twice  ita  amnnnt  of 
Butla,  igniting  the  mixture  in  0.  F.  on  plutlnum  foil  or  wire,  dissolv- 
ing  the  resulting  enlphate  of  aoda  in  a  few  drops  of  water,  evapora- 
ting the  clear  solution  to  dryness  on  platinum  foil,  or  in  a  porcelain 
dial),  and  testing  the  sail  as  iiltove  with  silicate  of  shkIh. 

b.  The  test  fi>r  sulphuric  acid  may  be  performed  by  mixing  the 
salt  to  be  tested  with  soda,  or,  if  this  is  not  quite  free  from  sulphate 
cif  soda,  with  nenlnd  oxalate  of  potnssa,  fusing  it  in  K.  K  on  coal, 
n-moving  the  fusetl  mnss  from  the  t-oul,  into  which  part  of  it  will 
have  sunk,  and  moistening  it  on  silver  foil^  p.  H8.  The  fused  mass 
mav  also  be  covered  with  dilute  hydrochloric  acid  in  a  matrnse, 
and  the  presence  of  sulplmrettwl  hydrugeu  tested  by  insert- 
ing  a  strip  of  filter  paper  moistened  with  solution  of  aceUitc  of 
lead  iuto  tlie  month  of  the  matrass.  If  sulphuretted  hydrogen  is 
evolved  it  will  form  sulphide  of  lead,  and  color  the  jKiper  black  or 
bn)wu. 

Dana  has  proposed  the  following  test  for  sulphur  {Cfiem.  Qaz^ 
18Ö1,  p.  43a).  The  8uhstanc4_*  is  fused  with  B<>da  in  XL  F.,  the  assay 
mnistened  with  a  drop  of  water  in  a  watch-glass  and  a  bit  of  nitro* 
prusäiJe  of  8o<lium,  as  large  as  a  piuhead,  added.  If  äulphnr  in  any 
form  was  present  a  purple  color  will  be  produced,  to  which  Playfair 
Hrst  called  attention.  It  is  well  to  add  Bomcstarch  to  the  soda  when 
using  this  test  for  organic  substjinee»,  viz.:  horn,  hair,  nails,  etc  A 
bit  of  hair  Amr  incht^a  long,  wound  upon  plalinum  wire  and  dipped 
in  the  mix  lure  of  starch  and  soda,  is  said  to  yield  an  unmistakable 
Biilphnr  reaction. 

Molybilate  of  ammonia  is,  according  to  Schlossberger  {Chem, 
Cettirati/L  VI.  lot)),  on  exceedingly  sensitive  reagent  for  sulphur.  A 
dilate  Bolntion  of  it  supersaturated  with  hydrochloric  acid,  is  colored 


^ 


fine  blue  by  vnry  sinull  quaatiUes  of  sulpburetted  hydrogen  or  aal- 
phidcä  (liisolved  in  water. 

Ill  urder  to  determine  whether  the  sulphur  in  a  uiiueml  iä  ;> 
lie  a  äuliil^ide  or  sulpbatt*,  von  Kobcll  recomnietids  that  the  po»  ul.  _ 
subslanc^shonld  bt-  fused  with  potossu  in  the  phitinum  apoon  befuw 
the  blowpipe.  The  si>oou  with  its  oouteuts  is  then  placed,  vith» 
strip  of  slieet  silvtr,  in  a  annill  iwrei'lain  vesüol  and  covered  vitb 
wfter.  The  mosä  dtsaolves.  and  after  some  time  the  silver  will 
either  bt-ajme  bluck,  or  remain  bright.  In  the  former  caw  the  «nb- 
sbmcti  cüntatus  a  snlphide,  p.  g^  hekite,  etc. ;  in  the  latter  case  i 
snlphatc.  provided  the  presence  of  sulphnr  has  bwn  already  Mwr- 
tnined  bv  the  test  with  eoda  on  cnal.  Naturally  the  substance  tnnst 
be  jwrfectly  free  from  any  ingredient  which  conld  have  a  reducing 
action. 


7.  Selkkich,  Se. 
Its  occitrrenpe  in  the  mineral  kingHom. 


H 


Selenium  occurs  only  in  combination  with  metala:  inelausthaUtt, 
tilkerodite,  zorgite,  and  lehrbachite,  vüU  lead;  berzelianitc,  tnd€CQ\y 
per;  tienninnite,  vide  mercury;  nnuniannite,  crookcsito,  and  eucai- 
rite,  t'i'(/e  silver.  It  sometimes  forms  an  unessential  ingredient  of 
tellurium  minerals,  and  certain  galenas,  pyrites»  and  phosphates  of 


copper. 


ExaminatloD   for   Saleniom. 


The  test  for  selenium  is  so  simple  that  even  a  trace  of  it 
detected  in  any  substance. 

For  the  heliuvinr  of  tiemnnnite,  vide  p.  305. 

Couiiwands  which  are  nut  rulatile  in  the  closed  tnbe  arc  tested  us 
follows  for  scleiiiam:  A  Fragment  is  ignited  on  coal  in  0.  F.  and 
immediately  held  under  the  nose,  when  any  selenium  present  will 
yield  the  pi<culiar  horse-radish  odor  of  the  gaseous  oxide,  p.  G6.  If 
the  substaii(-t>  conUins  mnoh  selenium,  brown  fumes,  consisting  only 
of  linely-di\ided  selenium,  »ill  be  evident,  iK'fore  the  assay  begins  to 
glow ;  afterward  a  steel-gray,  metjillic  coat  forms,  which  sometimri 
baa  a  red  border. 

Seleninm  amy  also  be  separated  from  its  combinations  by  heating 
the  anbstuncc  ld  the  o|>en  tube,  p.  G3,  inclining  it  so  that  the  other 
constituents  may  be  oxidized;  the  selenium  then  eepni'ates  and  con- 
denses  in  the  tube  with  a  red  color.  If  there  is  much  selenium  tlis 
sublimate  appeare  r«ther  8t*:el-gray  near  the  aSBay.    Occasioi 
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I  small  crvHtuls  «f  »elenous  acid  are  dqMJsitrtl  lje}"(Mid  tlie  i-ed  sub- 
f,  but  tht-y  volatilize  at  a  gcatlc  heat.  If  sulphur  is  likewise 
fpreseal  it  cscapen  as  sulphurous  acid  and  is  thus  recognized.  When 
a  triHiitg  amouut  of  «eleniuni  ocmirs  with  tellurium,  as  in  Mradym- 
ito,  and  thu  luisuy  is  conducted  in  th<«  open  tube,  telhtroua  acid  at  first 
t'oUectson  the  glass,  and  alUr  continued  heating  with  the  blowpipe 
this  appears  to  be  mingled  in  one  spnt  with  a  red  substance,  which 
IcoDsiste  of  aeleninm. 

SelenateM  and  selenUe^  are  reduced  in  tlio  R  F.  on  coal  to  eelcnides, 
""which  emit  a  distinct  horse-radish  odor.     With  addition  of  soda  the 
reduction  is  more  rapid. 


8.   PH08PHORC8,   P,   AND   PHOSPHORIC  AciD,   P. 


I  Their  occvrrenc«  in  the  mineral  kingdom  and  in  metallurgical 
product  x. 
Phosphoric  acid  is  always  found  in  nature  in  combination  with- 
baces,  and  occnrs  as  an   essential    cousTituent  in  ranons  minerals, 
vhich  have  been  enumerated  uuder  lithia,  lime,  magnesia,  alumina, 
rttna,  manganese,  iron,  lead,  uranium,  and  copper. 

The  slags  produced  in  smelting  silver,  lead,  or  copper  ores  con- 
taining phosphates,  always  hold  some  phosphoric  acid,  which  may  be 
combined  with  various  bases;  iron  refining-oinders  also  frequently 
contain  combinations  of  phosphoric  acid^  as  tho  raw  iron  is  not 
always  free  from  pbof<plnde  of  iron. 

Szunination  for  Phospbonu  and  Phaipboric  Acid, 

Xududing  the  general  blmcpipe  charttcteriMics  of  phosphate». 

The  examination  for  pbosphoms  fwciirs  chieSy  in  caae  of  raw 
iron.  A  fragment  of  the  iron  weighing  about  100  milligr.  is  dia- 
fiulved  by  warming  it  with  nitric  acid,  which  converts  the  phosphorus 
liuto  phosjdioric  acid  and  leaves  the  graphite  behind.  After  evapo- 
Iratiug  to  dryness  in  a  porcelain  dish,  the  dry  mass  is  strongly  heated, 
juntil  it  evolves  no  nure  acid  vapors,  and  is  then  tested  for  pho8- 
Iphoric  acid,  ride  a  to  J,  below. 

Pfwitpfurtes  are  not  decomposed  by  ignition  in  the  matraa^  bnt 

Isitmc  are  i'naibte.    In  the  forceps,  or  on   platinum  wire, 

[most  of  them  can  be  fused,  especially  the  acid  salts,  and 

[they  color  the  llame  pale  blui8h-{j;peen,  provided  the  bases  produce  no 

»ration.    On  coal   most  phosphates  can  also   be   fused  withont 

apoflitiou,  since  the  combine<l   phosphoric  acid   is  either  not 

24 
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redncfd  «t  ulK  or  onlv  verv  imi»erfect,Iy.  The  most  fvidcnt  example 
)f  this  U  notitnil  phusphute  of  lead,  which  fiiäes  very  easily  to  a  bed 
on  coulf  bnt  scarcely  snfferä  any  decompoeition  in  the  R.  F.;  the  bend 
is  oryslallin«'.  vide  p.  370  ft  nef/.  Upon  fusion  with  sodA  on  pbti- 
nnin  wiiv,  or  in  the  plutinnm  fqwon,  the  phosplmt^g  yield  phosphate 
of  sodu  uiid  the  buBes  are  litx'nLted. 

The  test  for  phosphoric  acid  may  be  Tario«sly  m^e: — 

rt.  By  tilt-  j>ale  bluish-green  color  impiirtod  to  the  Hanie,  p.  76. 

b.  When  the  snhstanc*;  contains  more  than  four  to  Btp  per  Cent.  It 
may  be  lest^-d,  according  to  Borzelius,  by  dissolving  some  of  it  iu 
vitrified  bonicic  acid,  preferably  on  coal  in  0.  F-,  inserting  into  the 
fltt'd  glass  a  bit  of  fine  iron  wire,  rutiier  louger  than  the  diameter  «r 
the  bead>  and  then  employing  a  strong  R.  F.  The  iron  oxidize«  at 
the  pxpenHe  of  the  phosphoric  acid,  producing  borate  of  iron  and 
p)iusi>hide  of  iron,  the  latter  fusing  by  a  stroug  heat.  The  glft^Kt 
first  covers  the  wire,  Itut  reiissnraes  it^  sphericül  shape  when  the 
phosphide  fuses,  and  white  the  globule  in  ouoling  a  glowing  m»* 
geiiei-ally  b**  observed  in  the  iwrlion  attached  to  the  coal,  arifing 
from  the  crystiillization  of  the  pliosphide  of  iron.  When  quite  coW 
the  glass  is  airefully  broken  between  paper  and  the  spherical,  metal- 
lic button  of  pho!<phidü  of  iron  subjected  to  further  cxaniinalioo. 

It  should  be  magnetic  aud  brittle,  uud  Ha  fracture  should  show  au 
irou  color.  The  brittlencss  of  the  phosphide  depends  npon  thf 
amount  uf  phosphoric  acid  that  was  present.  If  the  eubstauce  oon- 
tdined  little  phosphoric  acid  the  button  may  even  be  somewhat  mal* 
leuble  aud  withstand  rather  strong  blows  of  the  hammer  before 
bi*eftking.  When  very  little  or  no  phosphoric  acid  was  present,  the 
wire  will  full  fiTim  the  broken  glass  l>ead  in  its  original  shape,  bein; 
only  burnt  on  tlie  ends  which  projected  from  the  l>ead. 

Should  the  Bubstunce  tested  for  phosphoric  acid  contain  other  cou- 
Btituents  which  can  be  reduced  by  the  iron  and  melted  to  a  battoo 
with  Uie  excess  of  iron,  e.  g^  sulphuric  aud  arsenic  acids,  or  metallic 
oxides  reducible  by  iron,  their  radicjils  will  be  obtained  in  cumhiiU' 
tion  with  the  iron,  and  a  preliminary  test  for  such  bodies  most  be 
made. 

c.  Bunsen  has  proposed  a  test  for  trifling  quantities  of  phospbohc 
acid,  which  consists  in  mixing  the  substance  with  two  to  three  times 
tis  much  sodu  and  tmnsforring  the  thoroughly  dried  mixture  to  tlw 
drawn-out  i>orlinD  of  a  lube^  somewhat  larger  thmi  thut  represented 
in  Fig.  70.  After  again  heating  the  mixture  so  as  to  remove  all 
moisture^  a  long  bit  of  sodium  is  inserted  into  it  and  the  mixture 
fused  with  the  blowpipe.    When  cold,  the  portion  of  the  tube  oon* 
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taining  Ehe  ftise«!  mngs  is  1>n)keii  off,  laid  in  a  porcclaiu  dish  and 
oistened  with  ii  few  ilrop-t  of  wjitir;  if  phosphoric  acid  wii.'i  prcfr- 
nl  the  uell-kn"wii  niK>r  of  plicisphurelted  hjdrugen,  resfmbling 
i*cayinjr  fish,  will  be  evolved. 
ri.  The  Wft  wuy  may  he  employ«!  to  dett-ct  phosphoric  acid  in  ita 
»mbinationg,  and  cannot  be  dispf  n«d  wilh  when  a  subsUmce  con- 
iüi  so  little  phüsphorie  acid  us  to  pr(»dnce  no  reaction  by  the  flame 
Vst,  and  19  not  free  fnim  snlphurlc  or  arsenic  acids.  Substances 
coaeisting  cfaiefiy  of  earths  or  metallic  oxides  are  treated  by  tritu- 
rating forty  to  fifty  millipr.  in  fine  powder  with  five  parts  by  volume 
of  a  previously  prepared  mistnre  of  four  parts  by  weight  of  soda 
ith  one  of  silica  (as  proposed  by  Berzelins  for  the  qnantitatiTe  sep- 
tion  of  phosphoric  acid  from  alumirm),  in  the  agate  mortar, 
ansferring  it  to  a  smla-paper  cylinder,  p.  42,  and  fusing  it  in  0.  F. 
in  coal  to  a  clear  bead.  The  bead  is  pulverized  in  the  steel  mortar, 
between  jiaper.  and  boiled  in  a  small  porcelain  dish  with  a  sufli- 
ient  (|uantily  of  water.  Phosphate  of  soda  and  the  excess  of  soda 
dtf^ilve,  while  in  presence  of  alnminii^  silicate  of  ainmina  and 
todii,  with  other  earths  or  metallic  oxides,  remain  behind.  If  the 
fuhetunoe  cvmt^incd  little  or  no  ainmina  and  no  sesqnioxide  of  iron, 
notable  amonnt  of  silicic  acid  is  dissolved,  bnt  this  does  not  affect 
lie  det^^rmination  of  the  phosphoric  tu^id  iu  the  liquid.  AVhen  the 
:>Iution  is  complete  the  diäh  is  i-emov-d  from  the  flume,  and  after 
}ie  nndissotved  parts  have  sottU-d  the  litpiid  is  either  filtered  or  cari^ 
nllr  decanted,  with  the  aid  of  u  glass  rod,  from  the  residne  into 
nether  8m;ill  dish.  If  there  is  reason  to  snpfxise  that  mnoh  siUcato 
if  soda  has  been  dissolved,  it  is  well  to  Ixtil  the  decanted  liquid  with 
tddiiioa  of  carbonate  of  .immonia,  when  the  silica  separates  in  a 
leUtinons  state.  After  filtering  this  ont,  the  solution  is  supersat- 
:ratod  with  uoelic  acid  and  stirred  with  some  acetate  of  lead,  when, 
r  the  phosphoric  acid  amounts  to  several  per  com.,  a  white  precipi- 
«te  of  phosphate  of  lead  is  at  once  formed,  which  is  collected  on  a 
Mt^r.  dried  and  fused  in  a  shallow  cavity  on  coal.  If  it  has  been 
well  washed  a  white  <ir  yellowish  plobiile,  with  a  crystalline  surface, 
is  obtained,  which  U-haves  like  phosphate  of  lead,  p.  ^70,  ei  seq.  It 
ay  further  be  tested  with  bonicie  acid  and  iron. 
When  the  precipitate  formed  by  acetate  of  lead  is  so  trifling  that 
t  cannot  be  n-moved  without  partially  destroying  the  filter,  which 
to  be  avoided,  as  it  would  then  be  rendered  impure  by  the  silica 
which  the  filter  ash  is  chiefly  composed,  a  drop  of  dilute  sul- 
ihuric  acid  mnst  be  added,  so  as  to  prndnce  a  mixture  of  sulphate 
d  phosphate  of  lead,  in  such  quantity  that  it  maybe  readily  trans- 
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rorred  fn>ni  tlu-  HIut  to  the  coiil.  When  thiä  is  fused  B.  B.  the  snl' 
phaU'  is  khIucwI  partly  lo  suli>liidc  of  lead,  which  *ovu  voUtili»* 
und  partly  to  metiillic  l(*a(],  which  ^jiruduully  vohitllizes  and  lenvM 
siuaU  glohulesor  phospliute  of  lend,  iliot  c»n  be  reoiignized  wich  the 
Hid  of  thi"  magniliiT,  by  reason  of  iU  ohanictcristie  qnutiiies. 

Wlu'U  the  utnoiint  of  phosphoric  acid  is  siipixiBed  tobe  very  smin, 
H  largcrqiiiiotityof  i\u:  stibtstunoc,  ul>ouC  100  milligr.,  should  be  fused 
with  five  times  its  Tolume  of  the  mixture  of  soda  and  silica,  in  tw« 
or  thrc-c  portiouB,  and  the  fused  boode  then  treated  as  before.  Thif 
18  especially  nece8t>ary  with  many  iron  ores.  Any  arsenic  acid  pres- 
vut  is  reduced  and  volatilized,  white  any  sulphuric  acid  forms  sal* 
pbidtf  of  sodium,  which  goes  into  solution  and  yields  sulphide  of 
lead,  siuce  it  is  not  decompoaed  by  the  acetic  acid.  The  sulphide  of 
lead  does  uu  barui,  however,  as  it  is  voUtilised  ou  the  coal&ad  learn 
tlie  phosphate  of  K^d  alone. 

9.  Chlorixe,  01. 

It*  oantrrenee  in  the  mineral  ktnffdom. 

Chlorine  is  always  found  in  nature  combined  with  other  elements. 
The  niineralfi  C4>ntaining  it  as  un  essential  constituent  have  been 
euununitt-d  under  potossa,  soda,  ammonia,  lime,  iron,  lead,  copper, 
merourvj  and  silver. 

BsiminaUon  for  OUorino, 

Including  tJu  general  hiowpipe  characteristics  of  ehlofidn  and 

chlorates. 

Most  of  the  cMlorides  are  fusible  in  the  matrass.  Those  &ee  (h)m 
water  are  mure  or  less  volatile ;  the  chlorides  of  the  alkalies,  alkaUue 
rtirthfi.  mnngunese.  copper,  and  some  others,  are  not  decomposed; 
chlorides  of  gold  and  platiuum  are  n-dnoed. 

On  platinum  wire  and  coal  the  chlorides,  even  those  which  witb- 
st«nd  the  heat  in  the  matrad^s,  arv^  more  or  less  reudily  decomposed 
into  oxides  and  bydn>chloric  acid  by  the  vapor  of  water  in  the  blow- 
]H|K<  flame,  or  are  rvdnetnl,  especially  on  coal.  Monj  are  abo  eiüier 
entirely  or  only  partially  volatilised,  and  form  a  oo«t,  p.  69. 

^^^  The  eAlorm/es  hue  rerr  easily  hi  the  maCnas,  and  when 
tike  base  is  an  alkali,  alkaline  earth,  or  other  strung  base, 
Hold  oxygen  at  a  retl-heat,  which  canses  a  glowing  splinter  to  bum 
wheu  introduced  into  the  month  of  the  matrass;  after  strong  igni- 
tion, continued  for  a  euffieieoc  tisev  pan  chloridas  maain.  Salts  oi 
weaker  bases  ovolv«  oxygon  and  oUorine,  and  Umn  bute  chlorides. 
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On  ooa!  the  chlorates  detonate  more  violently  than  the  nitrates  and 
U-Äve  neutral  chlurides.  if  lUe  boats  an-  powerful;  the  feebler  bases 

I  remaia  as  basic  chlorides. 

Acoording  to  Berzelius, chlorine  maybe  detected  iu  its  compounds 
by  disi^olTing  oxide  of  copi)er  iu  S-  Ph.  on  platinum  wire  with  the 
O.  F..  until  thegliu«  is  u[mque.  und  then  fuiising  the  substanoe  under 
examination  to  adhere  to  the  eoft  bead,  which  is  then  treated  with 
the  tip  Ml'  the  blae  flame.  If  chlorine  ia  present  the  bead  will  be 
»iirroundi'd  with  an  intense  azure  blue  flame  uf  chloride  of  copper, 
which  vulatilizefi  fio  long  as  chlorine  ivmains.  A  freeh  addition  of 
the  substance  will  reproduce  this  reaction.  Bromine,  p.  77,  ia  the 
only  other  body  occurring  in  mini-rals  which  produced  a  similar  6anie. 
by  ihiä  simple  test  chlorine  can  be  detected  with  certainty  in  earths, 
oxides,  luid  baits. 

When  ihe  substances  cuntuiu  little  chlorine,  or  in  case  of  com- 
potindä  which  injure  the  plntiunm  when  heated,  a  little  of  the 
]M)wder  is  mixed  with  one-third  its  volume  uf  oxide  of  copper,  tritu- 
rated in  the  agate  mortar  with  a  little  water,  and  a  few  drops  of  the 
mixture  spread  upon  coal  with  the  pestle.  The  mass  is  dried  B.  B., 
without  heating  it  to  redness,  and  thou  the  blue  flame  is  directed 
immediately  upon  it,  when  the  aznrc-bluo  flame  of  chloride  of  cop- 
per appears  as  before.  The  flame  is  at  first  rather  greenish-blue,  Imt 
soon  becomes  azure-bine.  Wlien  tho  compound  contains  no  chlorine 
there  will  be  no  percejitible  coloration.    Chlorides  like  chloride  of 

^silver,  which  cannot  be  powdered.  mut<t  Ite  Iteat^'U  as  thin  as  possible 
Utweo»  puper,  cut,  up  with  the  scissors,  and  treated  on  coal  with 
water  and  oxide  of  copper  m  above. 

Another  method  proposed  by  Bcrzelius  for  detecting  chlorine  in 
chlorides  soluble  in  water,  consists  in  placing  some  protosulphate  of 
iron,  or  sulphate  of  copper,  on  u  bright  sheet  of  silver,  moistening  it 
with  a  few  drops  of  water,  and  laying  the  chloride  upim  it,  when  the 
silver  will,  afrer  a  time,  assume  a  blm<:k  color,  resembling  bronzed 

I  ware.  According  t*»  Mirlet.  the  same  test  may  be  applied  to  insolu- 
ble chlorides,  after  first  fusing  them  on  platinum  wire  with  a  little 

,  soda,  BO  OS  to  form  soluble  chloride  of  sodium.  The  absence  of 
bromine,  which  produces  similar  reactions,  must  previously  be  asoer 
caiaed. 
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10.  Bbomike,  Br. 
//*  occurrenf»  in  the  mineral  kingdom. 

Bromine  hiw  thiiß  far  been  foniid  in  minerals  oulj  oombiood  viti 
«ilvör,  in  brotnt/rite  uud  ettiMt'te,  vide  ailver. 

It  ulso  occurs  iii  exceedingly  miout«  qnantitiefl  as   bromiiU 
$0{fium  or  magnettium,  in  ct-rtain  8»)fc  springs. 

Examination  ior  Bromin«, 

Including  ih«  general  blowpipe  cha racier istica  of  ike  bromide» 

bromatee. 

Bromides  and  bromatee  behaTc  like  the  correstwading  chLorida 
and  chlorates  in  the  matrass.  On  coat  the  broniales  detonat«  witli 
Bome  violence  and  leave  neutral,  or,  in  case  of  weaker  base«,  hmc 
liromidi-tt.  Bromides  of  potassium  nnd  sodinm  give  a  white  coat  ou 
coal,  p.  CO. 

Mnn;  bromides  are  either  volatilised  or  decomposed  on  platinum 
wire,  or  on  coal,  and  diffuse  un  oßeusive  odor,  similar  to  chlorine. 
According  to  Berzelins,  they  afford  with  S.  Ph.  and  oxide  of  coi>i>erf 
or  with  sulphate  of  copper  on  silver,  the  same  reactions  as  the 
chtorideu;  the  Oiime  has  not  a  pure  azure-hlue  color,  however,  but 
inclines  to  green,  especially  on  the  edges,  p.  77.  When  all  the 
brumine  is  gone  tlie  green  flame  of  the  oxide  of  copper  alone 
remains. 

To  distinguish  bromides  from  chlorides  with  certainty,  Berselins 
has  proposed  to  fuse  them  in  the  matrass  with  biBulphote  of  potassa, 
when  bromine  and  äulphunnia  acid  are  liberated  and  the  matrass  is 
filled  with  reddish-yellow  vajxtra  of  bromine»  which  can  be  rect^- 
*>i»ed  by  the  similarity  of  their  odor  to  that  of  chlorine,  notwilb- 
fitanding  the  sulphurous  acid,  liromide  of  silver  forms  an  exception, 
ds  it  yields  very  little  bromine,  bnt  it  may  be  distinguished  from 
chloride  of  silver  by  the  asparagus-green  color  which  it  assumes 
when  exposed  to  the  sunlight,  after  fusion  with  the  biäulpbate 
tK>ta£sa,  p.  314, 

When  very  little  bromine  is  present  the  matrass  should  be  heTi 
vertically,  after  the  fusion,  so  that  by  looking  down  through  it  u 
thi(!ker  stratum  of  the  vapors  may  be  observed  than  could  be  seen 
by  looking  sideways  through  the  wide  part.  Chlorine,  if  present, 
i:j  also  liberated  in  th»  gaseous  state,  but  its  yellow  color  will  scarcel 
be  perceptible,  if  little  is  evolved.     When  iodine  is  also  present 
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reaction  become«,  indeetl,  uncertain,  on  account  of  the  violet  iodine 
vapors. 

To  detect  bromine  in  brine, «.  g.»  the  mother*lye  from  saliuea, 

'Balardhas  proposed  to  pasa  a  current  of  chlorine  through  the  lye, 

ftud  Üien  add  some  ether  to  it  und  agitate  the  vhole  liiorüu^hly.   On 

allowing  it  to  rest  the  ether  eeparatea  and  is  colored  hyacinth>rt:d  by 

the  diBaolvtrd  bromine.     This  t.*ther  on  being  shaken  up  with  a  sola- 

tion  of  caofitic  potassa  loses  its  color,  and  the  bromiuecombinfa  with 

the   jmtassa,  so  tliut  after  evaporating  to  dryneaa  the  ealt  can  be 

_  t«8ted  for  bromine  by  means  of  bisulpiiate  of  ptjtassa.    Heine  has 

H  employed  chlorine  water  in  place  of  the  gas,  to  separate  bromine 

Hfrom  its  combinations  in  saline  waters,  etc.* 

f     loi 


IL  lODINB,   L 

JU  occurrence  in  Ike  mineral  kingdoju. 


Iodine  occurs  in  the  rare  minerals  iodyrile,  vide  silver,  and 
»ehwartzemberffitej  vide  lead. 

It  also  occurs  with  sodium  and  magnesium  in  mineral  waters, 
especially  such  as  contain  chloride  of  sodium. 

Zbtamination  for  lodlns, 

Including  the  getiertU  hhtoptpe  characleristica  of  the  iodide*  and 

iodatet. 

Most  iodides  can  be  fused,  but  not  readily  volatilized,  in  the  mat- 
Erass.  In  presence  of  water,  or  an  iodate  of  a  weak  liase,  vapors  of 
(iodine  oecasiunallj  rei^nlt. 

The  iodatet  are  easily  decomposed.     In  the  matrass  the  salte  of 

^ttie  alkalies  and  alkaline  earths  evolve  oxygen  and  leave  slightly 

[alkaline  iodidt-e.    The  other  iotlates  at  the  same  time  evolve  violet 

[iodine  vapors  and  leave  basic  iodides,  or  only  oxides.     On  coal  the 

iodates  deflagrate   slightly  and  leave  either  iudides,  or,  in  case  of 

weaker  bases,  residues  free  from  iodine.     Many  iodides  behave  like 

the  corresponding  bromides,  p.  374,  when  treated  on  platinum  wire 

or  coal. 

Acctirdtng  to  ßerzelius,  iodides  tested  with  a  bead  of  S.  Ph.  con- 
[  Uining  oxide  of  copper,  produce  an  intense  green  flame,  p.  75. 


'  Chotni*che  üntewoch.  il.  Soolen,  Salw.  Gradir-u.  Smlu-AliOtlle  vo»  ^mmtl 
'  ftAlioen    il.    Pruvtiis    Sxchscn."      Burliri,    1845.      (Prlnutl    from    Kante»'»    und   t 
lUeitMM  Jrckiv.  Bd.  XtX.)  S.  35&. 


PLATTSERS   BLOWPIPE   ANALYSIS. 


Wliei)  iuiUdes  «re  fused  in  tlie  matraee  with  bisnlpbate  of  potsnii 
the  iodine  la  partly  sublimed  and  partly  fülä  the  matrasa  with  violet 
rapors,  white  eulpfaiirotis  acid  i«  simultaneously  evoWed.  The  t«et 
is  ao  delicate  that  fiuiatl  quantities  of  iodine  may  be  det<>cted  in  nlt^ 
etc.,  but  iudiUe  uf  silver  is  only  purliully  decomposed;  riolet  vapon 
are,  indeed«  liberated,  but  most  of  the  iodide  of  surer  colkoti 
beneuth  the  fnsed  acid  salt  to  a  drop,  whicb  retaiina  its  yoUow  color 
in  the  auuligbt,  p.  315. 

To  detect  a  little  iodine  in  saline  waters,  which  have  been  nearly 
freed  from  chloride  of  sodium  by  evaporation,  a  solution  of  starch  in 
boiling  water  le  usually  employed,  with  chlorine  water»  by  which  vi 
insoluble  compound,  having  a  very  fine  blue  color,  is  formed.  HeiiK 
has  subsliluted  nitric  acid  for  chlorine  water^with  better  sucoeas,  aod 
proceeds  thus:  Tbo  solution  of  etarcb  in  hot  water  is  stirred  into  the 
noutral  solution  to  be  tested  for  iodine,  a  fi-w  drops  uf  nitric  acid  an 
added,  and  the  whole  again  stirred.  A  very  tridiug  quantity  of 
iodine  produces  an  intense  blue  color. 

Stein  {Pol.  Centralbl,  1858,  p.  143)  has  proposed  the  following 
method  for  detecting  y^rs  small  quantities  nf  iudiue  in  nitric  aCid 
and  in  Chili  saltpetre.  A  snitable  quantity  of  the  acid  under  exam- 
ination is  put  into  a  test  tube  and  a  tin  ixxl  immersed  in  it,  until 
ivd  vajiors  are  distinctly  visible,  after  which  the  tin  is  withdrawn,  a 
little  bisulphide  of  earbnn  added,  and  the  whole,  after  thorough 
shaking,  allowed  to  stand  a  few  moments.  The  stratum  of  bisnl* 
phide  usually  collecting  above  the  acid  only  has  a  red  color,  unless 
there  is  too  tiniall  an  amount  of  iodine.  With  traces  of  iodine  the 
strutum  may  have  only  a  dark  yellow  color,  but  this  turns  to  a  red 
when  the  hisuiphidc  is  drawn  off  and  a  portion  of  it  eTa{>orated  by 
blowing  upon  it  in  a  t>>rcelain  dish. 

A  method  of  detecting  indine  by  the  dry  way  has  bo*n  proposed 
by  Pasqtiule  la  Cava  (Berxelius  Jahresber.  1846,  S.  374),  which  is 
^aid  to  be  much  more  certain  and  sensitive  than  the  wet  prooea» 
with  starch.  The  mass  suspected  of  cont«iningif>dinc  is  mixed  with 
a  little  air-slaked  lime  and  the  mixture  dried.  Accordinj;  to  Ber- 
zelius  b  mixture  of  carbonate  of  lime  and  quicklime,  free  from 
water,  would  be  more  convenient.  The  result  of  the  test  depends 
upon  the  complete  absence  of  water.  After  very  intimately  mixing 
the  nuiss  with  a  little  pi-otochloride  of  mercury,  it  is  transferred  to 
the  closed  tube,  which  is  then  drawn  oat  to  a  ßne  tuW  a  little  above 
(he  ma^s.  Upon  heating  the  mass  to  redness  iodide  of  mercury  sab- 
lime»  into  the  narrow  part,  where  it  may  easily  be  recognized  by  its 
color,  generally  yellow  at  first,  but  afterward  red.    Lime  decom- 
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i-poee«  the  protochloride  bat  not  the  iodide  of  mercury,  which  Eub- 

Spring  wat«r8  oontuiuiiig  chlorides  of  calcium  and  magneeium 
afTord  hj  cvaporutinn  a  fluid  rc-sidui^,  und  some  alkaline  carbooate 
musi  first  be  added  to  tliem,  in  stitficieut  quautity  to  scftarut^;  the 
earths,  so  that  a  perfectly  dry  residue  may  bo  obtained. 


12.  Flcorixe,  F. 

JU  Qccurreiux  in  the  mineral  kingdom  and  in  tiutaiiurfft^ 
products. 


■      Fluorine  always  occurs  iu  combination  with  other  bodies.    It 
furmä  an  cKg^'Utial  constituent  of  the  following  minerals:  Cryolite 

I  and  chiolite,  rifiesoda;  amblyguniti;,  vide  liibia;  Qiiorite  and  yttro- 
cerite,  vt(f0  lime;  wagneritc  and  chondrodite,  vide  magnesia;  topaz 
(pycuite),  vide  alumina;  fluocerite  aiid  pariaite,  videcermm.  Jtlike- 
wise  occurs  u  an  unessential  ingredient  in  several  other  minerals, 
viz. :  certain  micas,  vide  putussa ;  curtain  apatites,  pyrochlore  and 
holmit«  (seybertite),  vide  lime;  hornblende,  vide  magnesia;  car- 
pholite,  vide  alumina;  zwieselite  (triplite),  vide  manganese.  In 
many  smelting  processes  sla^s  are  produced  which  contain  more  or 
less  fluoride  of  calcium,  arising  from  fluoritc  abuudautly  dissem- 
inated in  the  ores,  or  ptirixisely  added,  and  which  has  not  been 
I  entirely  decomposed  by  the  silica  pi-eseut. 


Bxamlnation  for  Fluorin«  or  Hydrofluoric  Acid. 

When  fluorine  occurs  iu  trifling  quantity  with  weak  bases  and  a 
littlt*  water  in  minerals,  it  is  only  necessary  to  heat  a  small  quantity 
of  the  ettbslanoe  in  the  closed  glass  tulie,  in  which  a  strip  of  muist- 

(ened  Brazil-wood  paper  is  inserted.  The  gaseous  fluoride  of  sili- 
ciuni,  exjiclled  by  the  heat,  is  decumpoaed  by  tlie  vapor  of  water,  and 
a  ring  of  silica  is  deposit^-d  near  the  as^y,  while  the  escaping  hydro- 
finoric  acid  colors  the  paper  straw-yellow.  This  reaction  is  pro- 
duced when  only  three-fonrlh  \)er  cent,  of  fluorine  is  preeenl,  as  in 
micH. 

When  no  reaction  for  hydrofluoric  acid  is  obtained,  either  on  the 
gloss  or  the  pajjer^  in  the  closed  tube,  Kerzolius^s  test  with  S.  Ph. 
must  l>e  empluyeil.  I'he  Onely  powdered  substance  is  mixed  with 
S.  Ph.,  previously  fused  on  coal  and  also  powdered,  and  the  mixture 
heated  in  the  open  tube,  so  that  the  flame  may  be  carried  inside  of 
'  tb>^  tube  by  the  current  of  air.    Under  the  solvent  action  of  the 
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8.  Pli.  ii|H)Ti  tninoruls  free  from  sitica,  hydrofluoric  acid  U  fo 
which  pjui*'»  tiirougli  the  tube  uud  can  Iw  recoguized  both  by  iü 
IKcutiitr,  jmiigi^nt  odor  nud  by  it^ettVct  oa  theglttdä,  which  it  attaclu 
luid  nndors  dull,  espi-cially  »htre  any  rauistui*e  hu«  coUected.  The 
BAt'uping  air  will  also  turn  Brazil-wcK>d  pap«r  yellow.  la  preeen« 
of  HUi^^  e.  (/.  in  native  äilicutcs  uud  filags,  fluoride  of  silicium  ii 
formed,  wliich  is  docomposed  by  the  wattr  that  »epaniteä  from  the 
pi-oduets  of  euinliUHtiou  of  the  flame.  The  separat«  silica  dissolrcs 
ill  tliir  water,  whicli  cotidenifos  nn  the  glass  and  is  gradually  rv»(M>- 
ratcd  by  the  hot  gaseous  produrt«,  leaving  diutinctty  pcrccpUbIc 
äilicu  Ijehiud.  When  the  tub«  is  washed  out  and  dried  with  blottiti; 
IWIHT.  the  glass  itself  occaäioDally  shows  dull  sputa,  where  it  wu 
iittauked  by  hydruUuoric  acid.  A  strip  of  tnuiäteued  Brazd-wuud 
paper  iitsert^d  in  the  tube  before  the  as«ay  is  begun  is  colored  yellow. 
't'he  lieut  muKt  be  sunieieiit  to  fuse  the  mixture,  and  it  may  ea^Iy 
hupjien  that  a  very  thin  glasä  lube  will  sufteu  and  contract,  «oulu 
interrupt  the  operatinn  l>eroro  any  result  is  attained.  To  remi 
this  SmithiMii   fualeiiti  »ume  pUitinuut  foil  in  the  end  of  the  ta^ 

^^^t^^i^m^iffmm^mm^^^^^^     ^^^'■''  *''*  *"  **  '°  form  a  semi-cir* 
^^^^^^^^J^mS^SSSSS§   L'ular  tul>e  aa  in  Fig.  77;  wber^ 
"*^  "  however,  the  platinum   is  »imply 

intterti-d  into  the  Lube  without  the  wire.  The  usuy  it»  placed  on  tli? 
pluiinuni,  and  the  blast  m  diivcted  that  the  producta  may  be  driTcn 
iiitit  the  tube.  This  affords  an  advantage,  inaemucb  oa  the  assay  U 
fiisiil  V  ithuut  coming  into  contact  with  the  glase. 

Accoi'ding  to  Merlgt.  silicate«  containing  not  too  little  flao 
may  be  test^.-d  by  fuäing  the  tiue  iiowdcr  with  equal  part«  of  melted 
bisittphat«  nf  {)otas»i  (according  to  Berzelius,  with  four  limes  its 
weight),  in  the  eluded  tube,  either  with  the  spirit-lamp  or  the  blow- 
pi|H>,  uutil  sulphuric  acid  begins  to  escape.  The  subistaace  shonld 
Iw  heatcnl  fruin  aliove  duivnward.  otherwise  the  whole  mass  maybe 
ilriveti  out.  Tlie  empty  portion  of  the  tube  U  thus  more  or  less 
thickly  ctiated  with  silicic  acid,  which  sepamtea  from  the  gaseons 
fluoride  of  silleium.  The  tube  is  then  cut  ufl*  just  above  the  fused 
mass,  whsIuhI  out  with  water  and  dried  with  blotting  paper.  In 
piv^enctf  of  mnoh  flnortue  the  gUidä  is  quite  dnil  thrunghoot,  bot 
when  tht*re  was  a  trifling  amount  it  only  shows  dall  ^Mts  here  and 
thrrv.  This  t««t  is,  however,  iuferior  to  that  in  th«  open  tab»  with 
S.  Ph.,  for  detecting  vary  trifling  qoantities  of  fluorine. 
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13.  Ctanogek,  Cy,    Compositioh  =  C"K, 
JU  occurrence  in  metuUurgical  products. 

When  iron  ores  are  smelted  in  bla«t  fnrnaces  with  charcoal  the 

::urbünute  of  j>üLa8Su  tu  the  coal  is  liable  to  form  cyanide  of  potas- 
sium ;  while  ibe  carbonate  is  reduced  to  potusdium,  with  formation 
of  carbonic  oxide,  cyanogen  ib  apparently  produced  from  the  coal 
tn  contact  with  the  potassium  and  from  the  nitrogen  of  the  blast^ 
and  this  combining  with  the  potassium  either  cäca[>e8  in  a  gaseous 
[  state  from  the  throat,  or,  when  the  furnace  is  worked  with  a  closed 
through  the  openings,  above  and  below  whicli  it  condenses 
I«  white  or  gray  suit.  Wben  the  gases  from  the  throat  arecollcctetl 
'.  for  any  pnrpose,  the  same  salt  occusJonaHy  collects  in  tho  conduits» 
'  but  is  more  or  loss  impure  frum  eual  and  ore  dusst.  In  contact  witli 
moist  air  this  salt  is  liable  to  partial  deconiposiiiun,  and  gem-mlly 
consists  of  mixed  cyanide  of  potassium,  K  Cy,  cyanate  of  potassa, 
K  Cy,  and  carbonate  of  potassa,  fi^  Ö ;  in  pivsenoe  of  carlmnatc  of 
jMita^sa  it  also  usually  cunlains  a  currusjionding  aniuiunia  salt,  as 
well  as  more  or  less  ilisseminated  carbide  of  iron  and  ooaL 

CjaQogeu  also  occurs  combined  with  titanium  and  nitride  of  titan- 
ium in  small  crystals  and  amorphous  masses,  in  the  cadmia  of 
certain  irun  blast  furnaces,  vide  titanium,  p.  ^22. 


Examination  for  Cyanogen, 

Including  the  general  blowpipe  character i »tics  of  cyanides. 


»Cyanides^  excepting  those  of  the   alkalies   and  alkaline  earths, 
beati'd  to  low  redness  in  the  closed  tube  or  matrass,  are  decomposed, 
b4*coming  charred,  and  evolving  cyanogen,  ammonia,  water,  and  nit- 
rogen.   Ag  Cy  is  decomposed  into  metallic  silver,  or  carbide  of  silver 
jH  and  cyanogen;  Hg  Cy  st-paratcs  into  cyanogen  »ud  mercury,  which 

■  fiubUmes,  and  a  black  powder  is  left  behind,  paracyanogen — Cy  N, 

■  The  anhydrous  cyanides  of  the   alkalies  and  alkaline  earths  suffer 
'  no  change  at  a    rcd'heat,  and  cyanide  uf   potassium  may  even  bo 

brought  to  a  moderate  white-heat. 

On  coal  and  in  the  plutinum  spoon  all  the  cyiinides  are  decom- 
^  posed,  but  those  of  the  atkulies  slowly,  and  the  libei-ated  cyanogen  is 

■  consumed. 

The  wet  way  is  best  suited  for  detecting  cyanogen  in  the  salt 
Above  referred  to,  as  being  formed  in  smelting  iron  ore  with  charcoal. 
[A  little  of  it  is  dissohed  in  water  and  decanted  after  the  residue  of 
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cofllr  matt4>rs  and  particles  of  iron  faos  settled.  The  Bolntion  is  thcs 
uciditieU  with  hydrucbloric  acid,  wlien  ü  little  prussic  acid  is  evolved, 
Hiid  eflerveficcuce  ensQes  if  carlxiuutc  of  potuesa  waä  pr^seut.  To 
the  acid  sulation  a  few  drop«  of  u  solution  of  proto-scwjaioxide  of 
iron  (tnagnetitc,  or  »iderite  igniUd  iu  the  matrass)  in  hydroclilonc 
acid  ai*e  addi-d  and  afterward  solution  of  fxitassa  in  drops,  when  the 
pivaence  of  cyanogen  will  imoiediaudy  afford  Prussian  blat.  The 
teet  may  also  be  miule  by  testing  a  part  of  the  dissolved  salt  for  rar- 
l>onic  acid  wilh  hydroohluric  acid  alone,  and  adding-  to  the  other 
portion  a  lew  drops  of  the  snlution  of  proto-sesquioxide  of  1 
when  a  grayish -green  precipitate  is  produced.  Bj  then  addiii 
slight  excess  of  potassa  solution,  shaking  it  up  and  adding  hyd 
chloric  acid  to  strongly  acid  reaction,  the  Pruwiau  blue  is  obUiiied 
on  agitating  it  anew.  The  latter  method  is  to  be  preferred  wheo 
little  cyanogen  is  present,  as  none  of  it  is  then  lost  by  the  fomutioK 
of  prussic  acid. 


dnp" 


UL  Examples  showing  the  method  of  detecting    ; 
the  constituents  of  various  compounds  idth 
the  help  of  the  blowpipe,  ^M 

The  examination  of  a  doubtful  compound  with  the  aid  of  the 
blowpifK'  must  be  conducted  according  to  certain  mles,  which  haw 
been  already  de»eribed  in  detail  on  p.  59,  ei  seq. 

The  very  varying  chemical  compoeitioa  of  the  substaiDces  which 
may  be  presented  for  examination^  however,  renders  it  no  t-asy  task 
for  the  beginner  always  to  decide  at  once  upon  the  right  and  quickest 
way,  when  lie  hus  no  point  to  start  from. 

Generally  the  extorual  appearance  of  substanoes  will  show  whether 
they  consist  of  salU  ov  similar  combination«^  of  tilicatesy  aiuminateSt 
Vietnllic  oxidr.n,  sulphiJeji,  seieniäcs^  arseniäfis,  or  of  alhyn. 

After  learning  the  plan  to  be  pursued  in  the  examination  of  a 
subetanoe  belonging  to  any  of  the  above  olasdos,  it  will  not  be  diS- 
cult  to  detect  the  separate  conelituents.  In  the  following  exumplea» 
at  least,  the  most  frcqnent  combinations  have  been  considered  at 
much  as  possible,  and  they  will  therefore  serve  to  show  how  such  an 
examination  is  to  be  instituted  aud  conducted,  after  first  deciding, 
from  the  external  appearance  of  the  eabsUnoe.  to  which  of  the  ahoffe 
classes  it  b>longs. 
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a.    Oxysalts,    Chlorides,    Bromides,    Iodides,  Fluorides, 

Land  Cyauidea. 
The  oxvsnita  (acid,  ni^utru],  and  basic)  have  as  the  base  an  alkali, 
^  earth,  or  a  nif  talUc  oxide,  or  tbev  muv  contain  mure  thuu  one 
ie  or  uoiil.     iu  like  maimer  cliluriue,  brumine»  iodine,  fluoriae,  and 
cyanogen  may  b«  combined  with  one  or  sereral  metals. 

I      The  mctbotl  of  cxainiiiing  these  compounds  vith  the  aid  of  the 
blowpipe  is  in  general  as  follows: 
1.  Ä  small  portion  is  gradually  beatc*d  to  redness  in  the  matrass, 
and  all  resulting  phenomena  are  noted,  p.  00,  ei  seq. 
2.  If  appan>ntly  eiu^ily  fusible,  the  substance  is  tested  on  platinum 
wire,  to  sec  whether  it  colors  the  flame  ;  if  fusible  with  difficulty,  it 

Iiä  held  in  the  platinum    forceps.     Should  no   decisive  reaction  be 
obtained   the  substance   must  be   freed    from   water  by  ignition, 
powdered,  and  moistened  with  sulphuric  acid,  p.  7'i,  ei  seq. 
3.  Ä  small  portion  is  treat«!  H.  B,  on  cliarcoal,  being  previously 
powdered  if  it  has  decrepitated  in  the  matrass.    At  first  the  0.  F.  ia 
employed;  if  no  particular  change  takes  place  the  U.  F.  is  then 
UÄ'd,  und  any  resulting  phenomena  noted,  p.  65,  et  seq. 
Simple  suits  may  tWt(|iieutly  Iw  at  unco  rec^^nized  by  these  tests, 
and  both  (he  bases  and  acids  detected.     Salts  with  several  bases  or 
»oids,  as  well  as  combinations  of  chlorides,  bromides,  iodides,  fluor- 
B  ides,  and  cyanides,  must  be  fnither  tested,  while  many  salts  of  earths 
'  and  metallic  oxide»  muut  be  alifo  examined  M'ith  borux,  S.  Ph.,  soda, 
and  cobalt  solution. 


I 

I 


Examples. 

Sul/AaU  ^/MAina.— Th«  crvotalllzml  ult  be«te<l  to  low  redoc^i  in  the  ntBtrau  de- 
eiCpititof,  but  u  iDfu»iblG  nnJ  yields  notliin;^  voljitilo.  (Tbo  buulplintc  (utm,  and  u  « 
Uffh  heat  erolrra  fumes  of  sulplmric  acid.) 

A  linle  uf  the  powder  fus«!  on  |-latinuni  wire  colon  tlie  flame  riolet,  p^TS.  Another 
portion  of  the  powder  trcalwl  B.  H.  on  coal  with  th«  0.  F.,  Tum»,  cffcrrcwF*,  and 
aink^  roiirely  into  the  ronl,  which  on  continui-d  lluwing  i»  contcd  while,  as  if  bjr  & 
■nljthnte  of  im  alkuli,  or  by  »oidg  volatilized  chloride,  brornirle,  or  iodidv,  p.  69.  TbU 
coat  dUappcan  under  the  K.  F.  with  a  vi<j[et  tlamv .  The  baeo  of  the  salt !»  ibervfure 
Biosi  probably  poin»»a.  Upon  moLiit<.'iiing  the  »pot  whore  ihe  salt  has  sunk  into  ttie 
c<ial  with  water  an  hepaiic  odor  ii  crolveil,  while  if  this  epot  ia  cot  out  and  Intd  oti 
inuialtnid  fiilrrr  foil  the  attvvr  tun»  black.  In  oilier  caw  a  lulj^hidc  ia  recognised, 
which  ha*  bren  formed  hy  th«  reduction  of  the  «alt  on  coal,  and  we  have,  thereftne, 
mipKale  ofpobuta. 

NoTK. — It  has  been  already  rcmurkcd,  p.  73.  that  CAe»iiim  and  rtibtditim  »alts  coloi- 
■hc  flame  in  a  manner  very  similar  tu  pcita^a  üalln,  au  that  I  hey  might  readily  b^  cod- 
loiiridi-d  »iih  cnfh  other,     Tiic  grvni  rpMmbUiire  <»f  the  n-snits  ubraiited  with  in<!i(*o 
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■oluilnn  and  co\m\t  irlass,  p.  124,  tender«  ihcse  r»ti  bIm  nnrribiltle,  and  In  doabch 
easM  the  only  nic«Ti*  of  dUrin;.'iii*hin);  hrlwcen  tbe  »nit«  U  the  exnminntion  «rith  di 
ipcctrojtcopt. — To  tiptcrmiiie  wl;*ihiT  b  »nil  of  an  alkali  is  frw  frum  baryta  or  Kitmtu, 
which  sink  wtrh  ih«  nlknli  into  the  <-ual,  »nd  rnnriat  ibrnrCbre  t«  d^tecuwl  hy  the  sinrpl« 
IMtB  al>ove  (li>M-ril>ed,  a  ftnHll  portion  ü  dii^tolrrd  in  walrr,  and  any  reaidue  nwrmi 
for  ftirthrr  cxaminatiun.  ( [n  ca.*F  uf  »nlplmlcH  this  may  ronrät  of  aulphate  of  baiya 
or  etPintia.;  Shonlil  the  ncid  b«  one  whtoh  form«  «oluble  faltt  with  batyta  ond  Mnwiii 
alto,  n  rt'w  droi«  of  Kiilplinrio  acid,  or  a  «olation  of  «nlphate  of  pota^sa  are  addH  It 
the  clear  solution,  when  a  duiidinctis  will  be  prwJnoed  if  either  of  the  nbore  eanhib 
prcwnt.  Shoald  tht»  be  «o,  a  Inrj^T  rjuantity  of  the  anlt  miist  be  diuoWtd  in  vatM, 
nilpharic  acid  addnl  to  the  wluliun,  and  the  prori|iiiate,  after  aeltUng,  filierrd  imU| 
wa»liii1,  and  mtrd,  act»rdin;r  to  p.  13S  or  141. 

Nilrat«  ofpetaua  {tattpttre,  Pt'trf). — It  ftise»  Msily  In  the  malm*»  to  a  clear  HnU, 
and  when  more  stranKly  heated  boiU  and  y'wUls  oxrfcen,  but  In  such  aniAll  qaand^ 
that  it  cannot  lie  rvcosrnitcd  by  a  gloving  splintrr  of  wood.  Thid  indicates  an  Blfcilini 
baw.  On  platinum  wire  gradnally  dIminUhet  in  volume,  owinj;  to  decoropMitiPB, 
yield*  no  odor,  but  uolvn  the  flame  vivlct.  thus  indicatint;  poinsm  u  the  biue  (ndir  auto, 
above). 

On  cool  deflo^te«  Tcry  vividly  and  leaves  a  white  Mit,  which  on  eontintted  Uow- 
tnj;  rinkf  into  th«  coal,  bnt  yields  neither  a  coatio;,  nor  a  reaction  on  tltver  folL  Takn 
in  connection  wiih  ihr  hchBTior  in  the  matnin  and  on  platinum  wire,  tbi«  f\\ow%  thai 
the  acid  can  only  be  nitric  acid,  and  tbü  ia  established  by  a  Bperial  teat  with  binilphati 
of  potnavn,  p.  3M. 

Midi  e/polatfitim. — Healed  to  lednesa  In  the  matraas  decrvpltate*  a  little,  thoB 
(utet.  to  a  cliwr  flniil,  but  yteld«  neittjer  oxri^c^  nor  water.  The  baac  U  therefore  aa 
alkali.  Pu»M  eaftily  on  pintinnm  wire,  coloring  the  flame  violet,  and  volofiRaM  ia 
while  fumes,  with  a  penciratinc  fimell,  rrscmhling  chlorine.  The  liase  !i  ibereloH 
/Magna  (rtdr  foregoing  note).  Fuica  on  coal  without  dcäaj^Tatins;,  Mnk«  into  it.  bai  b 
gnulnally  rolatilited  by  coniinocd  blowin);,  and  forms  a  white  coat,  which  nnder  R.  F. 
t»  in  part  driven  to  another  »pot,  and  part  of  it  volatiltir«  entirely,  the  flame  bein| 
rokirrd  vkilct ;  at  the  nuno  time  a  chlurinc-Uke  odor  ii  perceptible  Tbta  heharior.  Ea 
connection  with  the  volatility  and  thp  chlorine-like  odor  evolved  during  the  cxamioaiioa 
on  piniiniim  wire,  indicate«  a  combination  of  potaseium  with  bromine  or  iodiiN^ 
p.  374.  Tu  di«itn)cuish  beiwem  tbeae  a  Uitle  of  the  eompoimd  i*  powdered  and  ftutd 
in  the  blue  flame  with  a  bend  of  S.  Fb.  containing  oxide  of  copper,  on  platinum  wirs, 
p.  3TS,  when  the  outer  flame  (•  colored  6n«  grrrn,  from  tbc  iodiik  of  copper  formed.  A 
nnall  ponion  heated  io  the  matnus  with  hicotphate  of  potaflo,  p.  376,  will  evolve  riales 
Tapors  of  mtiitt. 

SuiplLnte  ft/  mda  i^tuihtr  tall,  mirMIite,  tttaim^UY — The  hydn>n!i  tall  In  the  mot 
ra«  ywldM  neutral  wnttr,  and  ihi*  rendne  it  infusible.  Fn^es  on  platinum  wire  and 
colors  the  f1.tmc  intrniae  rrddiah-yrllow ;  hence  the  boae  b  apparmtly  aorjo.  (By  4 
fipert.-il  («sefor  potoMa,  p.  194,  rt  t»^.,  the  po«rib1e  pnoeace  of  ihb alkali  may  I»  amn- 
lained . )     Th"  tnlpkmc  aetd  I«  detected  a*  in  nlphate  of  potaaia,  p.  381 . 

Carkwal«  of  Mob  (hoOim,  fromi,  ttkarataancrife,  imio). — Io  tbc  tnaimn  yields  ncntial 
MMMr.  The  dehydrated  mit  U  infosiMe  at  low  rednea«.  Fnaed  on  plathmm  wire  <l 
colorv  the  flame  Intenw  reddi^h-yeDow ;  the  ba#e  u  thenfare  apparently  aada,  which 
fact  U  eslablif'hc«!  by  maklnc  ^lerial  te»ls  for  potasan  atid  Hthla,  p.  1K4  and  133. 
VSMC  oo  coal  witbon  dHU^ratlnn,  «inks  in,  faai  on  eoniinned  hUiwing  yWds  no  «MS; 
Om  iolt,  when  ent  o«t  fron  the  cool  and  ntAsteati  on  fdvcr  foil,  yields  a  tolpliar  !«•»■ 
lion,  if  the  salt  was  not  qnii*  fte«  from  «olphoric  acid. 

Since  the  fi>regatn(  bduTiar  doet  not  indicate  the  add,  it  mnsi  be  further  examiaed 
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Willi  littnn«  iMfier.  hrdrorlitoric  kcM,  or  Bllira.  If  placoil  on  ird  litmus  paper  nnd 
moistrtifd,  it  rractA  all;alinc  ;  h  »how»  corfcont«  add  by  i^fcrresdng  stronifly  wlih 
dilnt«  byilmfhlnrk-  anM  :  wiiti  sllicA  on  ooil  It  ftues  «ritb  «Harrncroce  to  n  clear  bead. 
wbttrh  After  ireHiiwiit  in  R.  F.  bccoiiMM  vellowiBh  od  ooolinf.  unleiN  the  nit  wim  qnitt 
free  frr>m  sulpliitit?  of  kmIu,  p.  367. 

Bifxmiie  Of'  todo  (/•arar). — Ytelds  much  neutral  waUr  and  pnffi  up  In  llic  matrmu. 
The  itftliiral  mU  hlacken»  in  i^n«eqiiencc  of  the  chirring  of  ndbercot  orgHnic  matter. 
On  ]>ldtinuin  vrirv  ami  ccmI  piiflfü  up  stmngly  nt  first,  And  then  futea  to  a  clear,  color> 
Ion  bead,  pradmHn^  an  inirniw  railiÜHh-vül^iw  llam« — mvAi. 

The  dehydrated  nail,  tested  vritli  -mlphuric  utjid  on  plHtiontn  wire,  aflbrdf  a  distinct 
bmraac  acid  tlame,  p.  75. 

Ckluride of  todium  ieomma»  tail,  roelc  anh). — In  t)icmatraHdecre[HUito«qu1te5tn»lgly 
•otDclitnci,  and  n«aiillr  yinldü  nomo  ncntral  walcr.  FnMS  readily  on  platinum  witv, 
jcivinK  an  intcn«  reddiuh-yelUm  tlamo  i»ada),  and  is  ^aduaUy  ralalilized,  without 
diflTuuin;;  any  reDinrkablc  odur.  Un  coal  Tum»  and  sinks  in,  but  after  curitiout-d  blow- 
ing pnxliioe«  a  whit«  toat,  p.  69.  The  cotnponnd  whk'h  ha>  sunk  into  the  coal  yields 
□o  »olphnr  rrortion  ;  ii  wema  to  be  chloride  of  Bo^liom.  When  leftiiofr  on  coal  talt 
whifh  i»  not  free  fmm  snlphate  of  macnenia  {rjimmte),  or  tulphate  of  lime  i^ryptm»), 
the  earthy  baKci  tvmain  hrhind,  whilr  the  chloride  of  MMÜntn  idnka  in  ;  ihf.  raa«i  cut 
OQt  of  the  coal  alito  prxiduce«  a  lulphiir  reaction  on  «ilrer  fui),  whieb  ia  mure  di»iiuclio 
proportJOTi  to  the  amount  of  cpsomiie,  ^ypsam,  or  even  mintbiliie,  which  u  prcKtiL 

When,  iu  m«c  of  impnrc  «alt,  which  might  be  taken  for  *ulphaie  of  loda  from  Ita 
hrhnvior  on  cnal,  the  iH^hnvioron  plAtintim  wire  u  alM>  con>>ü]erpd,  th«re  is  reaHin  to 
twi  it  directly  for  chlorine.  With  a  S.  Ph.  bead  saturated  with  nxidf  of  copper,  It 
will  f^ive  an  intciiH  axure-blae  flame,  showing  ddifiine,  p.  .17.1.  {On  Mcconnl  of  the 
almTbir  reaction  of  bromine  a  fiuion  with  bijulpliate  of  potawa  muHt  be  made,  which 
will  give  diätinet  evidifiice  thtit  chlorine  is  present.) 

SidfAtUe  of  ammonia  {matcnijnitt). — IX-crcpitatrA  sli£;htlyin  the  matra»s,  then  fuMt 
atid  is  doenmpnAed,  erolnni;  ammtmia,  which  may  bt«  rentj^nized  by  the  odor  and  with 
red  litmo*  [«per,  and  also  «omc  water.  The  rvmainUvr  di^^appenr«,  forming  a  subU- 
nuUe  of  sulphite  of  ammonia,  genemlly  mingled  wiiVi  wimc  sulphate. 

When  fufied  with  soda  on  coal  the  salt  is  decomposed,  an  ainmonincal  odor  ii 
eroKed,  and  tbe  soda  which  sinks  into  the  coal  adbrds  a  strung  ndphmr  reaction  oa 

lUvFT  Ajil. 

Chittridt  of  ammomtam  [tid  ammmttae), — In  the  malrAss  snblimos,  witlioat  faring, 
leaving  no  residue  if  pure.  A  burnt  odor  may  somcltnies  l>c  noliccil  at  ihf^  mouth  of 
thft  matms».  If  another  [lortion  is  irt'nied  with  »oda  in  the  matrass  torUmabs  of  am- 
«WMM  k  evokcl,  p.  1.16.  Upon  testing  tome  of  the  volatile  compoaads  with  a  S.  Ph. 
bend  cuntniDin^  oxide  of  copper,  ti»ing  not  too  little  of  the  inbitance,  an  axtirfrblne 
eUaride  Ol  roppvr  flame  is  obtained- 

Cariiomde  of  baiyia  [tn'ttitrite). — Sometimes  ytddi  trace»  of  water  in  the  matnui 
bu  is  otherwise  unchanged.  Acconling  to  p.  1.19.  fnscs  easily  to  a  tfesd  in  the  foretips, 
coloring  tbe  flame  yellowIsh-green — har^a,  p.  75.  On  coal  fuses  to  a  globnl«,  wtUcfa, 
however,  soon  spreads  out  and  sinks  into  the  coni,  nllttough  not  »o  deep  u  a  salt  of 
an  alkali.  If  rot  nni  the  mass  then  rvacu  Rlkalino  on  litmus  paper.  It  is  apparently 
carbonate  of  baryta,  and  this  fart  is  established  by  ita  eomplete  solubility,  with  effin<- 
veacenc«.  in  dilute  hydroeUluric  acid.  Any  irifUng  antount  of  metallic  oxides  present 
nuy  be  detected  by  testing  with  the  glass  flaxes.  In  borax  and  S.  Pb.  it  dIsKilvu 
readily  with  i41vrreeccnce,  behasnng  like  baryta,  p.  96,  and  Humetimes  showing  t 
Uttl«  iron. 

Sutpkale  of  baryta  (Aarila,  keat^  ^^o^h  P>  138. 
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SttlfJiait  t^  sirwiia  [ceiatiu),  p.  Ul, 

CaHtowOe  of  ttrontia  {utrmtianitej,  p.  141. 

Sitraie  qfttnmUa. — If  tire  t'nitn  water  ot'  crrMalHuilioD  the  Skil  ilecrepiuies  En 
miurius  Mul  ytoldis  unly  »  little  im-vlibDictlly  coiulriQvd  water.  Upon  coiitioiud 
inj;  ihu  miitnus  i»  Klhil  mHiIi  yellow  fitmeft  uf  nitnnu  acid,  which  maj  be  itnnuürf ' 
by  thvir  odor;  i)k  salt  TuMat,  witlwut  hccoutiug  cleur,  and  hoiU.  fTbo  grocowh  color 
frt4)avtillv  B>»atiK<iI  by  llic  mniui  iu  cuntact  with  ilu  gku  in  onlv  due  to  the  naio^i- 
nesi-  cootaint'd  in  the  glib»,  which  i«  nttncked  by  the  ht.-iit«d  Mlt.| 

On  pUtinam  wire  ru«os  cvcd  at  a  feeble  beat,  bofis,  yields  op  iu  nitric  »dil,  and 
leaves  80  inlusible,  white,  earthy  tniu».  which  i»  alrotij;ly  laminuiu  and  colon  the 
fiatnu  iiitrnwrtv/.  Dt'HaipniTe«  »lightly  on  oia],  U'nviu^  n  white,  rnnhy  maH,  which  ii 
luininon»  whra  «Iruni^ly  bcatn),  and  un  cooling  ha»  an  alkaline  rraetton  on  litmiu  paper. 

Thi:;  l«>hn«inr  iiidicau-»  Ufwtiia  ami  mine  ocM/ai  lheoon«titueiir«  of  the  b>1i. 

Fhmride  of  citlciait*  {ßimr  rpar). — Th«  ingrcdicDU  of  this  compoond  may  be 
tinclly  mv^iiiw«!  Irum  [he  blowpipe  rbAractcristics  no  p.  144,  «tfee^.  ;  bat  the  foil 
explHitAtuT)'  reitinrkii  should  be  made :  Puwdervd  Hiior  »par.  alone  on  coal.  foMS 
i;lubuli.-,  which  botitnes  Ic«»  fiuible  and  iici|uim  an  alkaline  reaction  after 
treatment.  Since  llnr  liehaTior  iu  the  matnu»  uwl  foivepa  and  on  coal  indiratai 
pn^ftcnev  uf  lime  or  strviiliit,  a  ie«t  on  coal  wllh  toda  i«  DcecMarr,  by  which  tbew  two 
canha  can  be  nsulily  dlstioguishcd,  p.  P6.  Since  obo,  from  the  whole  behavior,  it 
may  be  presumed  that  the  robttance  Is  finor  spar,  a  special  test  Tor  flunrine  »boaldbe 
made  with  fiiaud  iS.  Ph.,  act;onlinK  to  p.  377,  el  a^. 

Su.tf>h/jU  of  liuu  {f/ypsum  ami  anhifttriu),  p.  144. 

FkaijJmtr  of  iÜHt  uiih  tUoritU  ^aäjlaoriäe  of  ra/rtHm  {apatite).  The  hehaeior  of 
this  mineral  t»  dcKribcd  on  p.  149  ;  but  the  following  ramariu  may  he  made : 

1.  Sim-c  the  niineml  producea  only  an  indistinct  coloration  of  the  Same,  a  Utile  oF 
the  line  jiowiIlt  miivc  be  moistened  uitli  Kiilphuric  acid  and  fnsed  in  the  Mne  flame OB 
platinum  wire.  p.  7C,  when  lAtrnfilionc  add  will  be  shown. 

2.  An  the  raincnl  antfor»  little  chane«  wlicu  trraied  alon«,  it  mius  be  Msced  wltta 
borax,  S.  Ph.,  and  toda,  and  then  the  earthy  coiuiiiuent  will  be  shown  lo  conaüt 
chk'Hy  of  /»W. 

Wlien  it  U  remembered  that  the  natnnU  pboephacea  maally  oootain  a  lai^er 
or  Mnalltn'  amoani  of  rhlorides  or  lluoride«,  there  i«  reaaoo  to  make  special  tests  for 
chlorine,  p.  372,  and  Hiiurine,  p.  377.  The  wet  way,  p.  150.  «i «v«  lutiai  1^  employed 
lo  detect  any  triflini*  ninouni  of  magnesia  preoenL 

Carbtmate  of  lime  {ea/cite  and  tmii^onitt),  p.  150. 

Tmrfttttte  of  limt:  {fJutiite),  p.  152. 

Sni/Antf  of  MMi'/vtfDin  {ffianm*lr\,  p.  163. 

Carbonatt  of  nuti/ntaio  (NHiyrww're),  p.  Iftfi, 

Horute  of  magntxia  (bomtite),  p.  165. 

Pho/jAiile  of  itmntaniit  and  »uvfnaäa,  obtalnrd  whtm  «illcatea  containing  magneilfe  U9 
examined  in  thr  wri  wity,  p.  1.^5,  *t  seq.  Thp  dry  sali  yields  water  in  the  matrmsi,  ud 
evolve«  aifuiienrti  bt-fon.'  it  altnin»  a  red  IiL-at ;  but  It  does  not  Aise.  On  platintun  wine  it 
fuses  and,  if  free  from  soda,  ifive«  a  pule  blui»b-;^rccn  flame  of  pho>ipl)onc  acid  ;  whca 
ÜOI  otherwiM  peiveptible  this  color  may  be  produced  for  a  sltort  lime  if  the  salt  U  first 
muistem-d  with  «ulpfani^r  nci<l.  Un  coal  fuse«  with  diflScalty,  yieldinj;  iu  water  and 
nmmonta,  and  leiirjng  an  rruimel-wbite  Iwad,  if  free  fnma  cobalt  and  mansanesa. 
Muifiiened  with  cobalt  wluliun  and  füwd  in  0>  F.,  the  bead  nppran  viotcc  by  day- 
light, but  red  by  candk-Üßhi. 

äinL-e  till-  fu^iliility  and  the  violet  culur  wiib  cobalt  >olülion  ore  characteristic  irvtt 
Sot  pho*jiKatt  vj  nci^neMu,  it  futluws  iDat  the  suit  is  hydrou»  ykmphait  tf  ammtmm  aad 
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A  test  «lib  «utla  snJ  nitre  ua  plulinant  foil,  wUl  ibuw  whether  nungautM 

Saf/Jitite  of  piioMao  and  aiumm'i  {ftotoA  o/mm). — Th«  hlovpipe  rharaotm^tie«  of 
B»  »«It  tuivc  In-fn  dcM.'riLi(ni  lu  ür  ii»  iiccfrMn ,  uo  p.  1 73.  but  if  ic  in  I»  Ik  udciJ  uit  BD 
t-impic  iliL'  tulluwin;;  rvni«rlu  abuiili]  bo  miuli' : 

iSincv  ihv  fnlt  at  ürst  Hiw«  in  llic  nmira^  in  its  water  of  rrysnulixatioii.  und  tben 
eUU  niitrr  nnd  i>D)[ihiin>U4  ndii,  ii  luHuw»  that  it  is  u  s"//'W«.  uod  tJihcr  an  ucid 
tlpliatf.  »r  uriv  in  wkiicli  iti«.'  Imiw  in  tint  Kinin^  rmiu^h  tn  rvlHiii  thr  Nriil  ut  H  hi^rh 
nifH-TAtun;. 

äiiicv,  miin-ovcr,  the  ilrlijnJmtcd  kolt  ircnlcd  un  plaliiiura  wirr  pniiliicca  a  violet 
Uli-,  i*  infutibk',  ami  nhrii  if.oiitol  in  t  ptiru  O.  F.,  «nvr  beiti;;  moii>l<-iiwl  with  i-ubalt 
iluttvn,  HMiiinr*  ■  tilu«  color,  ii  i»  i-vidvnt  that  theru  are  iwu  Su-x-s  prtwni,  vi«. ; 
tuMMt  nnil  a/u«ma,  whirh  httirr,  in  rombiniiiiun  with  sulphunL*  nrid,  vi^hU  ila  BÖd 
hrn  *lnm};ljr  isnititl.  A  ti*«t  with  mi)a  in  II.  F.  on  co^l,  p.  36t>,  will  purfcvtlj  eitab- 
ih  (lie  pn'ftcncc  uf  «m/^iAwic  («•/</, 

Sü/fitutit  of  fJiNUKi'iiVi  a'kl  afumiwi  (tiMimoiim  afum),  p.  174. 

J'/wgfl*uief>f  'tJiiuitntt  [tivwJiilf),  y.  175. 

ytwfiih  of  »'Wiurn  ihh/  nfumtnitim  ('■rifilite). — Acconlinjt  10  p.  17S.  iht*  romfiDUDil 
t\\\»  tx-mtiunB  1t>r  Mc/f),  tÜHMiMi,  iiml  h^Hroftuorii:  and-  Further  ttMtciI  with  »nlphuric 
pd  on  plntiiium  wire,  it  onh-  vii-iil»  the  rcdOixh-vclluw  hwIh  fliimc,  abdwin;:  that 
itthiTliuriirii:  nur  phusphuric  nriilit  Hni  prcM'ni.  It  üinM>Ki»  ihtIii-iI^'  aiirl  wilhuuC 
fervt  M-encv  in  hydiuchluru*  a*.-iil,  bcin^  ihcrclurc  frvc  rrom  »Llie«  and  carbonic  aciil. 
iuci:  also  nvithor  nitric  ur<iil^hur{c  uciils,  chlurinv,  bromine,  or  iodine,  cnQ  he  pncscnl, 
icaiiM!  Uh'v  Would  Uavc  Iky»  iffü^niizri]  on  coal,  it  laay  be  lUMimcit  that  ihc  toiti 
id  nJiimina  kit  combined  as  soilium  and  aluminium  with  flaurinv,  nnd  this  is  cslab* 
iheil  by  n  itj>rciiil  tent,  accurdinj;  lo  p.  377.  iiia^mocb  an  a  very  •intO};  h^ulrvtluurio 
tid  rcai'iitfn  i<>  uttliiint*)!. 

It  would  lie  AujH-rlltioaji  to  pro  hrm  cxnmplu  of  salts  of  netallic  oxulcs,  sine«  thdr 
tuwpipv  k-huviur  i»  iK-m-i iht-d  in  detail  in  the  rccpccttvc  places  unJer  the  vaxioai 
mnln.    Some  or  the  fullowin;;  may  be  tclocted  for  pmciiee. 

Flmoridt  af  caliinm,  tiHrittm,  and  cnium  lyttivceftfe),  j).  IBS. 

Tuntafi»'- tif  ifilrtit  {yth^Mn/iliifitf),  (i,  tH5. 

ISniftlMle  uf  jiritluritU  of  inm,  hydrutta  [I'ttj' fKfitt],  p.  S39. 
H/fdiui>  fi/tu»fj0ilf  and  »iilfiiiule  of  no»  {dwlofAite),  p.  239. 
Hyhii't»  tttntoitU  and  »ul{t!,ate  of  inm  (pittidte).  p.  330. 
CttrliotMttt  of  tiXt»  {siiitrilr),  p.  2TO. 
TmHtfäliUr  «f  iftm  und  mttmpiH^M  [ttiJfinmitt),  p.  SSI. 
Qrithfo/  iron  aittt  lilnntHm  [tihinie  inm),  p.  332. 
Tantidtitr  of  inm  ami  HMtujanr**  (/uNiu/rfe),  p.  332. 
ilgitoniol-att  of  tnm  and  uuuNfMNmr  {colunilfile),  p.  293. 
llgdmi*  aneuale  of  cohtiU  {rrt/lAritt),  p.  241. 
fij/dtooM  nnmult  of  itifkM  (aM*altn>}Hr.),  p.  S48. 
CwiJWOtr  of  :inr  [tmilkmonitr) ,  p.  354. 

PltOBiduUt  or  a^vtittiu  i>f  Intd  with  ehlnride  of  lead  {pyromurfAitt  Of  mimettt»),  p.  STO. 
CmiiuatUf  of  Intd  Icnnn/fe).  p.  271. 
Ciirvmtile  nf  Irod  {troctiiit).  p.  271. 
hlot^iü«  tft§nd  {leulfrniu),  p.  372. 
TuHffttatr  of  Imd  {tfti:ile),  p.  373. 
Catinmatt  a/'lutmnlii  {Liiimutitt).  p.  3St!. 
Itjfdfuua  pftoHiiiitae  of  luwimm,  with  time  or  oxKb  of  eopfxr  {atitvmle  or  (ortamAl), 
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JttfilraM  a-dfilmlr  of  ctififxr  (cktdraitffiilt,  etftper  väriet),  p.  999» 
J/ytlmi»  pUiMiihtilr  uf  rrif/itr,  )i,  300. 
Ift/tlmn»  ^ttifutntr  uf  fytp}ier  | oro/ncAÄre  or  axitrilt),  p,  900t 
ßgdrous  aritnatt  of  coftpT,  p,  901. 


B.  Silicates   and  Aluminatea. 

The  examination  of  gfUcafes  is  performed  : 

I.  In  a  email  m»tnis$;  by  observing  the  remarks  on  p.  353,  the 
ht/flrniiM  silicates  initv  thus  he  (li.sting^nishe(]  from  the  anhydrout. 
Ä.  In  the  platinum  forcej»;  attention  must  here  be  paid  to  the 
obs'^rvations  on  pp.  69  to  71.  and  the  rf marks  on  ihe  fiisibilitr  of 
i\w  Silicates,  p.  119.  Some  silicates  color  the  flame»  owing  to  tithii 
or  homeic  m^id ;  the  axbi  colomtion  is  nnly  to  be  regarded  as  imi>or- 
tant  wlien  it  i»  distinct  und  lusting.  3.  With  reagent«,  borax,  S^  PIi.i 
fiodn,  in  certain  cases  cobalt  eolutiou,  lu  well  m  a  mixture  of  bisnl- 
phatti  of  ]N)tassu  and  fluor  spar.  The  b^'havior  with  .S.  Ph.,  pp  8S 
und  3G3,  is  characteristic;  likewise  with  soda,  p  SQ.  et  seq.  Cobalt 
solution  yields  decisive  ix'snlts  only  in  a  few  cases,  more  e«])ecia!ly 
mentioned  under  magnesia,  \k  IOC,  and  alumina,  p.  17ß.  Bieiuiphatc 
of  potofisa  and  ilunr  spar  are  u$ed  in  examining'  for  lithio,  p.  133|  auil 
borucio  acid,  p.  361,  when  these  cannot  bo  seen  at  all,  or  only  indi*- 
tiuftly,  by  öiuiple  heating  in  the  forcej^s.  When  the  bases  cannot  l>e 
detvcted  with  the  bliAvpipu  alone  the  wot  way  mnst  be  bron^'hl  to 
assist,  either  by  decomixjsing  the  com])Ound  at  once  with  hydro 
chloric  acid,  p.  119.  if  possible,  or  after  first  fusing  it  with  sod«  and 
borax  on  ctial,  p.  113,  et  seq. 

The  aluininüies  do  not  occur  very  abundantly  in  nature,  and  they 
»IV  teeti'd  like  tlie  silicates ;  their  blowpipe  character!  a  tics  are  also 
given  in  the  proper  places,  nndt-r  magnesia,  oUicina,  andtiuc.  They 
can  in  ueneral  be  distingnisheil  from  the  silii-ites  hy  tb-ir  completfl 
solubility  in  S,  PIi.,  and  by  tlic  fact  that  they  do  net  afr')nl  a  p^r 
fectly  fusible  compound  with  aity  proiwrtion  of  roJa. 


EXAMPLBS. 

SHime  of  Urns  (u>allastonile]. — Ilentcd  to  glowing  In  the  matrw«  U  nri'tT*'  ^ 
«>nictlmr<i  yinlilr  a  thlle  wntcr.  In  iho  l!irrr[)*,  fnite»  on  the  «Up'*«  lo  »  <'i>tTii.t*vQ«piifiw 
^la»,  intl  colors  the  flume  «t  first  jellowiBh.  »ftenrimU  FeeWj  «nJ.  ftiih  borw  dl*- 
mIvcs  ciuiiy  find  largely  to  «  clcur  \>en^,  vhwh  cnnnot  U-  ßnm«]  op^oun.  If  tuh  iidir 
(K-c  from  iron  the  Iwnil  »  yrllowish  while  hot. 

In  S.  Ph.  rlUwilvL's.  with  ronnntion  of  a  silica  mlcffrtiM,  to  ft  clotr  glAai,  wt-lrh  it  vj^A- 
em-CTil  on  roolinp  if  !ctrDn;:1y  untiintlod.  Wiih  crjunl  pkn-i  of  kmI«  fnics  «iih  "flrm» 
Mnci'  lo  a  (jlrhhy  {•In&s,  which  iwclU  and  btcumca  infuuililc  on  nildidou  oT  tuon.  fod>> 
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mh  robalr  «olarton  und  »trongly  h(^atcd  ia  O.  F.,  ontf  «boiri  t  blae  color 
an  the  fii'Ml  «Ipr*. 

The  nbovc  TOkctions  phow  tftAt  wolln-tonitc  is  a  AiKcnte,  »ince  ib«  uÜcic  ftcid  is 
[  wcopnlieU  l»y  It«  Ivhavinr  Imih  wiih  S.  I'h.  «ml  wiili  noil«.  Tlw  minenil  givM  t,  d-oW« 
l<j|BMto  tbi!  flaflH,  is  eivily  dtFMilvi-d  id  Utrax,  )ii^rivi-tly  di<ciim[Mijipil  hv  S.  Ph.,  tli« 
.  ^Ür'bMld  o|Hik*scc8  on  coolin^^  wlicu  sli-onylj-  »iituraicil ;  ihn  miiieml  further  ft««*  to 
'  n  «Imr  p:)nn  with  a  lirtl^  »nHii,  wiih  eribnlt  «oliilton  riocd  nm  indlrnte  ftlaminft  ar  niftg- 
ttr»m.  rincc  a  Uo«  color  i"  only  ri-ihk  nftcr  fiioinn  :  the  Uise  nnust  ihcrefore  lie  line'. 
L  (Cum|iNrealK>  p.  154.)  In  onlrr  to  tuHrrtnin  this  with  nrniilnij  ihe  wn  wnv  Tni»t  ha 
I  cmployrd,  p.  155.  Since  ibU  tnirwral  i»  ]<crfrctly  ilMomiMMcd  by  hydrovbluric  acid,  it 
I  bdoftj;«  to  tb«  «Utcatcfi  wbk'h  cao  be  mor«  speedily  examinod  by  ihc  wet  way  alont 
tbiui  Mure  the  bIow|np«. 

ifttimtf  offf/agsn  atttl  itfiimina  (ortAocfiuw.  aJvlaria). — Alone  It»  the  tnatnus  Ib  no- 
■Itrn-U  nnd  vit-bl«  no  wnirr,  anltva  alrrady  wenthered.  In  the  foiwpi  ftuei  only  on  the 
cri)^  tt>  A  H.>nii-imn»i|>arcn[,  bli-bby  glkSS,  and  givM  o  tnotQ  or  leM  {ntcnie  yetluw  flam«, 
owfni:  to  a  lilil«  toJn. 

I)i<4o1v«$  ill  hcrax  very  elovly,  without  effprrcaclnR,  (o  «  cleur  gtna,  tomednti 
yrlloni^b  whil*  hot.  fruin  n  trlflin!;  nniount  of  iron.  By  S.  Ph.  la  rtecorapcwd  pei^ 
ftwtly  unly  when  pnwdtrrrd,  nnd  lrnr<.>«  b  vlicn  titlflon.  The  glaK«  opalr«c«a  un  moling 
(ef,  p.  176).  With  Wfia  diMolrcs  iiV>wtv  wlrh  vfrtTv-eM.-7nrT,  to  n  dilTiiiiilily  fiiDtble, 
«lenr  pla«*,  warcely  free  Orom  babblet.  U  fliiclv  pow»lcr»'d  orthocla«  U  tented  wiih 
cobalt  »oliition  only  tfie  (u-kA  portions  Assume  n  blue  color. 

Thes*  bbiwjpipe  diumcirriitics  »how  tiiat  (be  «ijhstanw  Is  a  sUttrato,  In  which  Um 

I  iitfcic  arid  smiift  to  b^-umhiiied  with  olaminn  (lio<nns^  snlnhle  with  diflirnlty  in  hortui), 

tantt  with  myfn  {idiown  liy  (he  yellow  flsmc),  or  prrliapi  with  puiaMn  nlmi,  tbi*  (lotiiau 

reaction  bring  oonc(.*Alr«l  by  the  mmIii.     To  ilpi-iil«  tbt«  latirr  jxiint  a  upecial  ImI  niii«t  be 

[  UMiIe.  p.    135.     Tlie   f)m-lv  powderrd  niinoml    it  mixiH)   with   purv   R_vp«uni,  p.  J96, 

j  mcitsient-d.  fii»ed  on  plntintint  wire,  nnd  the  flnnic  olix-ned  throiicb  t.i>bnli  c\n^* ;  if  a 

di-tinrt  Yiolct  cnlnr  is  prrrcptibl«'  pnlnasa  i^  pn^KHt  {nid^  not*,  p.  ."181 ).     'I'hr  wot  wiy 

mrprt  I«  hmnpht  to  aid  in  th«-  exnmination  for  othtr  ennby  bases.  Itntidc*  Alumina, 

I  and  ■■  mm  ihv  finely  pnwdprril  minerni  i^  not  iJw<imp«isc(l  by  hwinn-hlnric  ncid.  n  nnf- 

'  flfü-ni  qwiinl'ty  of  it  nmst  be  fnwl  ro  n  clear  bernl  with  Rula  nnd  Iwraic  on  eon],  p.  MS, 

I  and  t\wu  trva(«l  «rcordlnji  to  p.  185,  ttae^.     A  v<ry  tiKlitig  amount  of  linm  may  then 

I  occa-ionnlly  Iw  fonnd.     Some  of  tl»  mass  which  has  been  cvaporntcd  with  livdnichloric 

«Fid  nia»  altui  Iki  <>tnplnr<-d  U>  d''lect  potawa  by  the  wet  »ay,  p.  laß. 

SUirul^  of  f^urma  anH  alum  inn  {^irryl,fmrmUI). — For  {h<;  blowpi|ic  ebaractcristicsof 
this  rilicntc  end  tin-  methuil  of  drtcctins  it«  c«niittiliient«,  ride  \u  179,  tt  sei/. 

Siliivf*  nf  i/ftria,  etc.  {^thliniit). — For  its  blowpipe  chAnicteri«lics  and  the  method 
of  (Irtrrtinc  aI)  of  its  constituent^,  vw/r  pp.  191  to  193. 
^ffiraüi  ofrirrottia  t  siram,  htfnrinih ).  nfjf^  p.  1 96,  rt  anf. 
Sitientt  ofprotaxitie  ofefrium  {fer'tte),  pp.  203  and  805. 

SHivalt  nnd  l-onitr  afti'mr.  «I'l'/ncnVi,  nfumina.  nnd  $*vftimxtila  tftrm  and  nm^OMM 
(axinitf). — Yield»  n-ithln;-  and  is  unaltered  in  the  main»«.  In  the  forecps  ftuc*  Tfliy 
eiiHly  with  intmncscencc,  coloring  Ibe  (lame  ft-cbly  g^i-cn  if  held  in  the  tip  of  the  Woe 
fljtme.  nnd  whwi  cold  the  fiiwd  tnireml  i*  dark  creen.  After  perfect  fiwion  in  O.  F.  it 
,  hw»«mi"*  hlacle.  Borax  diw-wilvea  axiniti!  noidily  in  O.  F.,  \nelding  a  dark  r»d  itlaaa, 
^with  a  riittrt  yhade.  AAtT  nbort  rrdueiion  tbc  (^lau  ia  yellow,  and  if  ndoced  on  omJ 
with  tin  it  Ui-onif»  viiriol-fnren  (•mn). 

With  R.  Ph.  in  O.  F.  leave«  a  silica  tMrttm  and  dlsaolrea  to  a  yellow  )rla<«,  eolor- 

I  nn  (.-ooline;  ihi«   ßlnw  agiain  (b»ed  and    then  bmiipht  into  enntii>.-i  with  a  funall 

I  of  iiitrr,  ftotb*  up  and  aanunes  a  violei  culur.     With  atida  on  eoal  «flcrresea  and 
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ftiwra  to  ■  bliu-k,  aliiitnt  ntctallk  lustnitis  i;lu»,  nnd  on  plaÜDum  fi>D  ttaoti  Jtmqjl] 
for  man^wfe. 

Thr  tiin^ioinc  belinvinr  indtcAtct  ■  eomhinmiun  of  filimtu ;  the  bwei  cowvtiaK  of 
■II  uxiilc  uf  iixf»  (tm-AUM  ibo  glasMe«,  cipcdallv  ihm  of  bonut,  >ppcar  jclkm  rAb 
ihoi-i  n-(Luvtiuti) ;  ul'  an  oxide  o(  manunncM*  (»liuwii  b.v  the  culor  of  tlM  boimx  betd  in 
U.  F.,  u  »Imvc  dejicrilictl,  and  l»y  tlic  violvt  cutur  of  llic  8.  Ph.  glua  wiib  tbc  Dttn.  M 
well  a»  by  tbc  green  mu^s  oblninod  niih  soda  on  platinum  foil);  forthcr,  of  nnt» 
(bFcatiM*  n  rampftmiirrlj  Urge  quKtiiiiy  u  rcqnirrd  to  prod nn:  an  inlen»!  color  vhfc 
tbu  k'bm  fluxca).  Tlie  carttiy  bwui  cnn,  liowcvcr,  odIt  hv  detected  hy  Aiinng  liM 
nnni-nil  with  hmLa  nnd  lionut  un  cuni,  nnd  dt'cunifMiKing  tW  fiucd  man  in  the  wet  WKjr> 
pp.  1Ö&  and  176.  Ujr  ibU  mcanfi  aMnitc  ia  found  to  conuin,  beüdoa  iron  and  mio* 
Cinuao,  a/iiuii'iMi,  /im<,  and  a  little  moffnesia.  'X'tic  gnxn  color  Intpartcd  to  tlic  flame, 
whil«  tcgtins  tJie  fitMbility  of  the  minrrnl,  indirniM  Itoract'e  arid.  Bv  mnktn;^  the 
ft|Hx-ial  te«t  with  bi^alphate  of  putaMta  and  fluur  spar,  p.  361 ,  its  pfweoot  ia  man  com* 
pictcly  »inbllühcd. 

t.tad  »Ut'i  fio$h  the  Frtiber^  imtiUng  neorl't. — In  the  for{->r|>fl  fuses  rather  aoiiljr  to  a 
filobitte,  Odlurinj*  the  thtine  bluish,  lutd  sotuctime«  grwaEih.  If  the  flue  powder  U 
luoivtctiot  with  hydrucliluriv  acid  nnd  fiifc«!  on  platinum  wire  wicbJn  ibc  hluc  flame 
tlwre  roalu.  if  copper  U  prcBont,  the  utine-blue  H«me  of  chloride  of  oo/»/«e<'.  Prw- 
monta  of  »\ag,  vrhrti  not  Um  Ur)^  fu>e  rather  cnkily  alone  on  oon)  to  a  globuiv.  and  H 
this  it  ki-pt  fiiMil  for  a  timi<  in  contact  wiUi  tli'.>  Qainc  quite  a  thick  ooat  of  axiJs  ofäme 
li  depo»i[L-d,  vrliieh,  however,  if  tonchcd  with  the  fiamc,  »howa  the  prcaencfl  of  Oind«  ^ 
/mk/  by  ih*  t>lite  tinye  imparted  to  the  tiamc. 

With  borax  In  O.  F.  disnolvM  readily  to  a  clear  bead,  dark  yelloir  rmm  Mt»>fmtriäc 
vf  I'rvn,  and  hecuming  li;;hii'T  on  coolinj;.  In  S.  V\u  disoolvTs,  vlih  fumtnlion  of  i 
mlica  »ktltion,  to  a  clear  f  Inet),  also  yellow  (rum  iron.  With  mkU  on  coal  eflVncscai 
and  riiM>  TO  a  blm-lt  benil,  Mhirh  after  lon^r  trantmeni  in  R.  F.  dcjMsiL«  «n  ahomtaal 
yollowi»!]  cont  of  ONidea  of  zinc  and  lend.  If  mouh-ncd  u|ion  silri-r  fuil  tbc  fai«d  mn» 
then  rcaola  •tiron^jly  for  ca/;)Aur,  vide  below.  Uy  n  reduction  asaay  with  mach  tuda 
metallic  poitiel«!  aiv  obtaioe«],  whii^^h  either  conti^t  of  pure  lead,  or,  in  «uc  copper  ii 
prc»rnt.  behave  with  borncic  ncid  like  nn  alloy  of  lead  and  copper.  With  soda  and 
niirc  or  pluiinum  foil  a  diminci  mnnif>\H«Mt  rvitrtion  i«  produced. 

The  fun-piiiig  beluivkir  shows  th«i  the  lead  «In^  cuni-iftU  cliicBy  of  a  silirate  of 
|iroioxidc  of  iruii,  runtnifiinK  n  utile  oxidi>  of  lend,  unc,  (i-op)jcr,>  and  maiij^nno. 
Other  (earthy)  bases  present  eiiu  only  be  detected  with  the  nid  of  the  wet  jimre»«. 
For  ihi»  purpcwe  about  100  ii|illtgr.  uf  the  finely  powdered  »I«;  ore  fused  with  lodi 
and  horHx  by  the  ude  of  a  (^old  button,  wricbin):  aboni  80  raSllisr.,  in  11.  F.,  accord- 
faig  to  p.  113,  and  llie  rexultint:  liead  it  further  trvatnl  oa  dircotnl  for  silicates  tiader 
limv,  p.  1  &&.     Uy  this  means  alumina,  with  »nie  ii'oM  attd  nognma,  u  til  also  bo  fouwL 

Upon  liisiri^  lite  fn>Id  liutLun  freed  frum  tla^  on  raal  alone,  a  pure  lead  roat  üob- 
taincil,  luul  if  the  reniiunint;  button  is  then  tivatcd  a  «hort  time  ou  coal  with  S.  Ph.  in 
O.  K.,  »ml  the  ^'Ujik  rutlurcfl  a  moment  with  a  Hitlti  tin,  Arti':r  removing  ibe  ^Id  button, 
it  will  Utmok-  br<>wni.-<h'n*>l  nnd  upnipio  frum  nAoride  of  copper,  if  tbe  alag  was  tUR 
iptiie  inx  from  eop|»eP 

The  lead  alii;;  ChenrturecontistA  of:  gitioM,  pntoride  of  irou,  tt/amüm,  Jioac,  (nutjp«enis,] 
■nd  n  little  ozidt:  of  had  und  tine,  miboride  qf  copptr,  protand«  iff  mmtgoiem^  and 
mdphffr  [rtimbinid  with  vai-jou«  in^dii'nts).  A  special  test  for  tUtvr  will  also  show  • 
trace  uf  that  meti\l. 

The  Btfuii;;  sulphur  mtciion  obtained  even  from  quite  pure  frnmneiiti  of  tii«  ilag 
inrlii-ate^  the  presence  of  sulphida  of  calcium  (and  o(K'a>iitnally  sulphide  of  tiojiam). 
When  hydroehlork  acid  is  poured  over  some  of  the  äne  powder  in  a  test  glass  otid  Üv 
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wliolv  »tim<1  with  a  trlnti»  rcNi.  np|<I,ring  bcmt   f  iirccsMinr,  an  odor  of  itilptiuretted 
by(lro»rn  ii  nl  otice  cvulvcd.     tiliould  fhi«   not  he  difllinct  enough  a  strip  ot  paptr 
I  nuLtiened  wich  »oluiiun  of  nccuic  of  Kiul  is  IiiiJ  orer  the  moath  of  the  glaM,  or  bdd 
I  wlllün  it»  to  ave  whether  it  i»  renilL-ml  ln-uwu  ur  block  b;  fulphiUe  of  lead. 
Alipmütatf  a/  magngüa  {tptnei),  p.  167, 
MMiatnah  of  <fitir-ina  (eiirjiaoberi/ltt  p.  180. 
AliuMtnaU  of  ane,  magiumta,  aail  ihm  (^oiinl«,  aulomatil*),  p.  39A, 


I 
I 


0.  Combinations  of  IVIetallio  Oxides. 

The  mettUUc  axideajDccurring  in  nature  are  eitbor  pure  oxides  or 
hydrates.  Sonie  furni  distinct  miiieruls  by  themselves,  some  when 
combined  with  others.  Swch  as  can  be  healed  U^  redness  in  the 
matniüs  wilhout  yielding  water  ure  oxides,  and  such  as  yield  water 
are  either  hydmtes,  or  oxides  contjnning  hydrates. 

The  nietullic  oxidt^s  wliich  occur  as  metallur^'cal  products, 
althnugli  frequently  containing  Bulphnric  acid,  or  acids  of  arsenic 
and  antimony,  with  which  a  ptirt  of  the  oxide  is  combined,  never 
contain  water  chemically  crmibined. 

The  oxides  are  tested  at  first  alone:  a,  in  the  matrass;  b,  in  the 
forceps;  c,  nn  ouil.  If  no  decisive  result  i»  thusubuiined  the  exam- 
ination is  continaed  with  borax,  S.  Ph.,  and  soda. 

Examples. 

ArarAfc  of  motu/tmeae  (pyro/MAM),  p.  313. 

PrmritU  of  mnnganne  with  axidf.  of  etAnll  anA  water  [tarlkg  coiail,  Hadk),  p.  SIS. 

PmritU  of  mnn^nrw  wirh  oride.  of  copper  an<l  prdoxid«  of  mangamm  {atpraem 
MngooM«,  lampaditt),  p.  913. 

Orid^B  of  iron  { magitetii«,  hrmatite),  and  hydrated  naqniotide  of  iron  (/I'mcnifa),  p.  298. 

Proioxidt»  of  iron  and  cAroMtHm  and  Itme  with  tetqttioxide  of  cAronuiaa  mod  oiumüta 
(«Arumi/«).  p.  228. 

ßifiorittr  of  tiH  {ctusileriU),  p.  S77. 

PnMo-tiftifnioride  of  nrantnm  ipitehlipnde),  p.  8$5. 

Sniioxidt  »f  cttft/t^  \CMitritr'>,  p.  S99. 

Aa  an  «xamiilc  of  a  meialliiixical  product  conriKlini;  of  mctalltc  oxldei  the  Ibllov- 
ing  ppMliict  fmin  ili'*  ciifKllation  of  nrf^entiftroiis  lead  may  ho  isk»n : 

At'ttrirh  from  the  Frtihrrrj  work». — Healed  to  in«[iictit  n-diicft»  in  the  matmiu  It  is 
analteml.  Fu.i«i  Trry  rrndily  on  wtal.  Rpiv.ida  otit,  and  l(  rcitnced  wiih  eftiTveacenoo 
lo  an  rasily  in-il  le  mclnllic  hutlon,  wlitch  if  kt-pt  in  fniion  at  a  red  bt>at  in  O.  F. 
emit*  •  »tmnff  o'loi*  of /if^Mio,  tohIs  the  coa!  with  twiVc  o/'onXi'mony,  afterward  «rtlh 
«zjde  of  trad  aim,  and  finally  tMrljavem  like  pure  trad. 

DiMolves  readily  in  tmrax,  on  plntliium  wire  in  O.  P.,  lo  a  clear,  preen  rIbar,  rfriniiln- 
InC  jfreen  on  fooHn;,'.  If  rhe  (tUw,  whirh  contains  chiefly  bomtc  of  lead,  with  urwm- 
at«  and  HntininnHlcuf  soda,  is  tdiKkeii  frnm  ihr  wirr  and  ireflled  on  ewil  in  R.  F.,  U 
spmtiU  not,  and  U"fijpe  long  a  nomber  <if  plotmlcj»  of  l<*ad  are  ivdnpH.  which  evolve  a 
•trunic  oihiT  of  ar»rtiic  atid  coiir  the  «lal  with  oxides  of  Irnd  and  aniinKiny. 

After  utiiting  these  to  one  buttUD,  by  employing  a  spreading  K.  F.,  rentorine  th« 
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buttoD  froni  ihc  ^Ins,  nnil  t]irc<>üiit;  tbc  R.  P.  U|fuu  tbo  lalHr,  uuijl  it  b  Bgmiu  tarf 
tu  a  U-atl,  it  will  ii)ipi<iir  tulurlt'^'S,  U>(Ii  liut  iiiiJ  cold. 

lu  S.  I*h.  uu  plntiiitini  wire  in  t>.  K  it  ntMi  iIwüItc»  to  a  clear,  t^nm  ^i». 
ninitinini^  g,nta  after  coulin;;.  U|xHt  »liitkhi:;  uff  tlii»  t*'*^  i«*^  trvnttni;  it  n  whili 
ill  IC  F,  ou  co«l,  it  MppcAn  grx^rii  whiU-  hoi,  biit  on  rouUng  bcroiuci  opHquc  «ml  pmsD- 
üli'/vllnw.  I(  further  treated  with  tin  it  IxfcutiiM  blukibh-gTay  hiim  titlttred 
uiitimoikjr.  whtu  vuld  ;  but  if  ktjji  in  fuaiuu  umlcr  ihc  K.  )*,  lung  ciiuiiifh  to  «Kpvl  the 
nutiiuoiiy,  ibe  rvsuUin;^  i;lius  on  cuuliii};  is  u|Mi(|uf  ivil,  from  MitoriJr  of  cvffKf. 

Witb  bchU  it  is  niliia-d  rtty  qiiicUv  to  a  any.  «uiuewbHt  Uritik-,  ttictAlllc  buitun. 
The  fused  Mxlil  cat  uut  from  ibe  c-ual  fmiuvtillj  prudur«!s  a  notable  g^phur  r-M-iwn 
on  iDoisicncd  »ilver  full,  tltuwiiij;  tbut  the  altatrick  Mimclituc*  curilnin»  »ulftlMtt  «f  Uttd, 
AfUT  ttiMliiit:  the  rMlitcod  lead  button  lUuttc  uo  uu«l  in  9-  T.,  until  »11  of  ilvc  tir>rtiie 
mid  unlimon;  are  \ol«tiliM-d,  and  thvn  fu&tn^*  it  with  vitrirtnl  bunicic  nciii.  cni|tluunc 
the  blue  flaiue,  tlw  |,TVHifr  part  uf  ih«  li!Hd  i»  dlMolv»!  »  uxidc,  niul  •  button 
nuuniui,  which  fiuoi  with  S.  Ph.  in  O.  F.  ^v«s  ■  grveo  itliuu,  bccomini;  red  witli  tift. 
<Pur  llic  detatlü  eidt  j^nrml  t^xtiituuiitioit  tur  copper,  p.  £!!£•} 

Tlti»  blowpffw  bclmviiir  »buwi  that  tbv  iibstrii'h  it  itn  oxldv  uf  lead  conlaininc  i 
little  oxide  uf  uopper.  wid  combined  iia  part  with  onwiiic,  imtituonic»  »nil  «idbbarie 
Mid». 

D.  Metallic  Sulphides,  Selenides,  and  Arsenides. 

The  pliiu  foWuwed  in  exitmiiiiiig  such  computiiids  is  lui  follov 
1.  liciiliiig  ill  ihu  uluaed  ititH?,  fur  tlie  reuiuiis  given  on  \\.  GO.  3. 
the  open  tube,  p.  63.  3.  On  cou).  observing  the  direcciuna  and 
n-mui'kÄ  on  p.  65,  el  *e<j.  Should  it  be  nc*c<.'a»ary  to  tiviit  tliu  sub- 
tstuuce  furtUfr  with  glnsä  fluxes,  it  inust,  in  muriy  cuses,  Iju  UttX  Üivt^^ 
fi-um  sulphur  and  äräentc,  &&  fur  us  iM>8gible. 


Examples. 

s.  Mttailki  wvi^ldm.     Ptotonilp/ikie  q/*  mangmMH  (uUoiMffte)»  p.  SU. 
AvtonWpAid*  nrlth  »eMquUu^ide  iff  Iron  \,p}/rrhotii«\  p.  Jt37, 
Bisnifffiide  <^  iron  {pj/n'tt),  p.  TJ7. 
ßU^iifi/iiJf  with  arttniJk  of  cobtiU  (oobiiitite),  p.  9-tl). 
.^»/pfiidcqfaiic  with  mlphidta  of  iron  an'iatdiahtm  [zineblgndetUadcKnd  Amsn),  (i.a&l 

Tlie  nuineani'ce  contaiiKd  in  ccrtnin    bk'ndot    mny   bo  detected  hj  icMlug  Um 

rotutcil  anfiuy  with  soda  and  nitro  on  platinum  foil. 
i>ttfpkide  of  lead  yij^itata),  p.  S66. 
häuSfiiidr  of  cofij-er  und  mälpltid<  of  lead  with  ttmtlfAtdä  of  antimony  i,laim»nd 

p.  ^&8. 
hwalfAid»  of  tx^per,  protomiphide  of  iron,  and  gulphid»  ^  ttme,  with  bttaipAidt  ofä 

{slanmiu^  tin  pyriies).  p.  277. 
Temlph'de  of  btmutk  [hi$aiuütimle),  p.  S8S. 

IMäulf'htde  of  copper  wilhonu-tllird  ratftUtuipfiiiie  of  iron  (bamtla),  p.  S9G. 
Lfifitlphidt  of  copper,  prolomiipkidt  of  iron,  aidphidt  of  nac,  and  mlpkJd»  of  i 

y/uh  undphide»  <^  anfinony  and  arwnic  {tamktdritt,  meneunaf).  p.  M7. 
Ihiulfihide  of  copper,  nnd  »eaquiatlpkide  of  iron  {ekale^tyriu,  copper  pfriuo},  p.  SM» 
Huljihide  ofmeixurtf  [cinfubar),  p.  30&. 


METALLIC  Sn.ru  IDES,   ETU 


891 


Sulphide  oft^ctr  [arprittitK.  »tfvrr ^loMf»),  p.  31 1. 

Sufft/iid'-  i>f' »äe^t  Aiid  diäulftKiiU  afc^i/fr  cumtitnpd  with  Umlptiidii  of  oMiinaiaf  and  • 
WixXf  UfttipkiH*  a/ »rMHif.  ipalifU-mtt),  \>.  y\\i. 
\  t^phnir  »ftttyr  ariJ  ittnu/fifiiile  vf'nist.ttK  [prottatitt),  p.  912. 
SutphiiU  tif  »ihtr  ftoil  ItTfut/tluJe  v/ imlimotty  (pynjrifyrkt,  tttpkamle,  miaf^rät),  |>p, 

313  anil  ai3. 
Ttraviphitit  af'tiHtimoHif  [tlUmiff),  p.  312. 
PrvtoBLifJtitU  itfimH  with  Imai^thiiit  iifantinanjf  {lierthirrite),  ft.  333. 

fiohtrtm  from  tlir  PrrU/mi  wtics. — ViL-lds  nulhinj;  volnllle  wh-n  ignited  in  tht  closed 

lubr.     TIk*  piiwdtT  i^titli-d  in  lite  «[wn  lutw  fvolvcfl  mlphunnf  acid,  rct-OKHUt'^  fiy  ill« 

Kim-il  and  witti  liimus  ptt[wr.     On  i)il-  Iowlt  iHile  of  chu  lulie  quite  »car  itie  o-^üay  a 

tbiti  Kliiu*  cool  MimotiiiK-a  fc>nn«,  whioU  U  nut  vulalil«,  fttid  resenibl«»  mntiinuiiKte  of 

'  i«xide  at  antimoay,  or  ftiil|dut[t  of  Irxd 

Un  coa)  Aktnc  in  U.  F.  lv.*e*  rendilv  lo  n  ^ubiilf,  und  on  raiitinuoil  rüdiivlion  forma 

two  UilViviii  ttMiA.     Oitc,  ntiii-h  i^  funiied   tirsi  und  ut  n  ^roiicr  dtitBiicc  from  ih« 

fWHr.  i*  vvliitr,  «nd  nifty  t<e  driven  lUtnt  Hith  the  O.  F.,  iin[>ArtiiiK  a  blue  linpe  to  the 

lUitw  «hurt  iimvluNl  Ity  ii,  mul  limvinx  «  vrllow  »fxii :  it  M«'rti!>  ihrtvrure  to  I«  snljihiite 

I  of  li»d.     'X\m  coRt  which  U  funned  later  is  li^ht  Ti'lluw  »liiln  hoi  and  j-clluwi-ih-whiee 

on  i-ooliRK-     Zf  the  outi-r  v*!,-^  uf  it  i»  limlrd  with  (tit;  It.  F.  it  jx  driven  lo  snolher 

|t)ucT,  lin{;ing  the  ttumo  itr.ure-h1nc  »nd  leüvint;  a  yi'Ilow  s^iot  of  oride  oftttid.     Tha 

I.  f;rMlor  pAtt  (if  the  cMt  ruAchitis  up  to  the  kscjiv  conMals  clenrly  of  oxide  of  sine,  und 

tjih  nihali  iwlmioii  wln'n  quite  cold,  and  ciuiiously  if^niird  in  O.  F.,  Et 

►on  eooliiiK  K  yvlluwUh  ttnxn  wjIot. 

By  ftwnjr  n  fuflfident  quuntiiy  *if  the  powdc«*  with  sod«  on  coal  in  H.  F.,  a  feehl« 

odor  of  arH-nic  mar  Hunctiiiics  be  obinined.     If  ■  [mnion  of  the  powdir  b  can^ulij 

RMUied,  p-  77,  and  ioimI  with  the  (luxe?,  it  will  brhave  ns  follovs: — 

I  In  borax  on  platiunui  wirv  In  O.  F.  yields  a  clear  y«llow  hIms,  ohowiit^  only  inn. 
This  treated  in  It.  F.  fur  n  short  liin«  with  tin.  bnximcii  im  roolinp  opacfne  ml  Irnm 
e^pur;  niter  loiiK^r  reduction  the  r-uppvr  ia  ntlutvd  out,  and  the  rold  jiImm  in  then 
dear  and  ha»  a  pnn-  iitriol-;;reen  eolur,  uwinit  to  ttic  euuhitlcniMc  amount  of  iiun 
prfM-nl 
In  R.  Ph.  in  O.  F.  on  platinum  wire  yieldi  a  ftlaw  colond  strongly  ydlow  l>y  (roa, 
(atid  Minieitnw»  pevnt*h-yellow,  owini;  to  the  [imericp  of  itiorc  nip))rT);  flnidynlivided 
u/mi  mny  livqucnily  be  »evn  in  the  glt-s^,  btinjf  iie|innil«il  from  li(iely-(li»M!Miinftloil  ►lo;», 
wkjdl  U  found  e^peeinlly  iu  the  up{»cr  layers  nf  tlic  tioh»tfin  aller  tiip|älijr.  *>ii  coal 
with  tin  in  U.  K.  this  {ftass  livcainc!«  cmyisU  block  on  I'ouliti):,  owiiig  id  antiimhi/:  but 
on  rcfieiirin';  the  nrilnetinii  for  n  Imiircr  timt-  it  bcooinc»  rrd  fmm  «nboxide  of  ivipj^r. 
Cpon  mixing  th«  ir»tiJiie  «f  the  nm»ttil  WoAveii  with  »od«,  borax,  anJ  n  little  gnin- 

Inlaietl  te«t  li'od,  and  fuuu^;  It  on  cr.4il  in  H.  F.,  tbt'  nilurcd  ineiula  coinhin»  nitli  the 
ltm^\  hiiltoii,  Tbl»  t«  »ppamleii  from  the  ilrtt;  and  in?at'-d  with  lH>mctc  nctj  on  cool, 
until  ratwt  of  the  lead  i*  !<j>«riU**.l,  afier  which  it  U  fmed  beside  S.  Vh.  on  coal  in 
O.  F.,  and  then  yields  a  yhi«  hi-ad  which  i*  KTvciiish  wIiÜb  hot,  but  bcrome*  blue  oti 
cooling  {(IX id«  of  copper},  and  treated  with  tin  )>«corae»  rvd  when  cold  (suboxide  ol 
cvppvr),  A  »peciiil  a*^y  Cut  §iieer,  vide  quantitative  assay  for  silver  in  sulphidci,  will 
lliow  a  little  of  that  metal. 

The  lia/fttin  tlii-refore  consols  of  siüpkur,  inm,  lead,  copper,  xine,  (unli'ivieny,  amnie), 
ud  «iVnrr. 

h.  St^midm. — Ijfttd  n-ilh  iflfninm   (r/auifAn/ife],  p.  265. 
I  JVirrcwrjr  with  ae^iVm  {lim»nailt],  p.  305. 

ArvnidtM. — /roa  wilh  artenic  {hucopyrite),  p.  336 
I  CobaU  «ill)  arMtnic  {»MOiliU),  p.  340. 
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Jfietil  with  irrjrniV:— t.  IHitrmnitte  t^meht  {eepptr  ni<it/,  nicooiite),  p.  14C.     S.  .4rHi- 

itU  o/meM  IrammtUtanftt»),  p.  947. 
Artmidea  ofirm.  nt'ctW.  cxibiiH,  etc..  wilb  «M^pAulei  t^ eepp^^imui,  OMtimumf,  etc     {Liai 
BptiujtwH  tAt  Fnib«y  Works.) 

In  ÜIC  c\<ku.h\  tulK-  nmUbM  b\atk,  hue  yicUl«  nothinc  volAin«.  la  powder  ia  CIm 
upeii  tube  yleUlü  n  di.->tincl  aubliiimtc  uf  vviaiallinc  »rttwrn»  add,  wbicli  b  «uluilt . 
ticciuiuna.llv  aI«o,  neitr  tlir  A^iuir,  ihfre  U  a  wbiii>.  nun-rolHtil«  tilm.  ippamirlv  a  ten- 
hinfttidti  (if  BnTlnH>nir  aciil  with  oxitle  of  undmonr,  while  at  the  opper  eotl  of  iba  nbt 
mUffAiavM  acid  lAU  Ik-  ilcin;t<Hl  by  ibc  udor  uid  «ilh  litoiu»  jiu)it;r. 

Aktiic  (in  rrial  lUM-k  iii  U.  F.  (uitli'jd  itiL-rc  ii«  ttiu  mm-K  tniii  (imait)  loftfluhab 
Mid  evulvis  Hr«vnicftl  lumcsi  on  o^niitiut^l  bluwiii)^,  buwi:vi.T,  the  Bnr&ico  b  curcml 
wilb  a  cniftl,  nbicb  bccoiit«*  (hkk«r  and  Ihiikcr,  bikI  alter  miok  titoe  rvtiJcr»  tbe  ^lob- 
tilu  infusilile ;  a  ^iijfbt  lead  cant  u  rImi  treqiif^nilv  prirftiliblf.  U|ion  aililint;  fiBffidcBl 
borKx  nitil  tntitiiit;  ih«.-  wbotc  with  tbe  point  of  rbo  blue  tttimc  a  metallic  button  ftiKT^H, 
which  vtiiii»  cuptim*  l'utncü,  wliUo  thu  bunix  ^la<^H  tri^iH«!:«!  U'M  fluid,  liiffit^ultly  ßuiMi^ 
and  quite  blai-k,  owtnij  to  tbv  sliuig^iV  ^ff  »io>t  ol  tbu  iron.  A  Utile  of  (bb  Uack  ^aat 
with  borax  on  |iliitinuui  wirv  in  O.  F.  shuwa  only  iron.  U)N>a  ihcu  fuainn;  ibe  button. 
fTtnl  fnitn  muai  uf  tliu  aiMiiiilc  uf  trun,  ahme  on  coai  In  R.  F..  Hrsenictü  fbraes  in 
N|;(un  cvulvttl,  but  thi*  coal  u  »ligbtly  cual»!  with  tnüie  o/"  UaJ  (anit  «wiMlitBM 
antiiHOHi/). 

By  treating  tbc  bntton  further  with  hnrax,  m  dMcribed  in  dctai!  under  tbn  rxamioa- 
tlon  fur  iron  in  spviMc*.  p.  234,  it  b  Cuund  Umi  ithcr  tlw  lint  truittut-nt  ibc  borax  s-tiU 
>liowA  iron,  but  ufii-r  ilw  aocomt  und  third  cobak,  and  bimllv  funli*.'r  fusion  wiiii  bum 
«liow»  onlv  nirkti.  The  rvmiiinin)*  ariHTtii'lc  of  ntvkel  trinittnl  with  S.  I'h.  in  (>.  F^ 
hoMRvtT,  vicUU  a  i:\ni»  which  t»  given  lioih  hot  and  cnid,  and  tItrrrfoTv  roniaintnickd 
nnil  rr>p|Kr.  Afu>r  rvinovin^  iho  button  of  ar»cni<lu  and  fuinij;  the  glai«  a  ntoanent 
wttb  tin,  it  bccomcei  upaqne  red  on  cuolhif*— «ru&<trii/«  ofmpprr.  SbiHtlü  the  anxMtnt  of 
i-op)K*r  be  too  trilling  Lo  dcli.i:t  in  ibid  wur  Ibcnnxniidv  uf  iikkd  b  faKil  wiib  a  btitluQ 
ofiroh),  wd|;hini:  30  to  80  miUttn'-.  »"'t  then  .sli^Kcd  with  S.  X'h.  in  O.  F..  oniil  a  fr«>k 
portion  of  ihr  naXt  is  no  liwii;cr  colored  yellow,  bnt  green  ;  tbo  riacUoo  (or  copper  aiai 
then  h".  dutioctly  prodncud  with  tin. 

In  l\\\s  flpeiM  maj  be  fuund  tbcrefont :  arwnfe,  nulphnr,  iiun,  aickd,  oobttlt,  copper, 
le*d,  (nntiuionjr,)  and,  by  a  »pecisl  Many,  silver. 

JL  Compounds  of  metals  containing  no  arsenic  or  sul- 
phur, or  but  very  little  of  either 

The  plan  rolIowcU  in  examining  alloys  is  in  general  the  samn  hi 
for  eub&tunoL's  of  ihe  fori'goiug  cla«fl,  the  rooäting  being,  natnrellf, 
omittod.  Ill  TTiHiiy  Citscs  one  or  other  of  tho  u-sU  thero  mcnliuutHl 
can  hn  oniittt'ii,  when  the  previous  behavior  of  the  Hubstance  has 
shimii  ihut  m>  rt^siiU  would  be  ulUiiui'd  ;  on  the  olber  haiid.it  is 
Bonietiincs  neccssiiry  lo  mtiko  a  special  test  for  some  constituent 
which  would  not  Ik*  r-uogiiJEed  during  the  gt.'neral  examinutiou. 

Examples. 

Co/i/w  with  mcM  and  »nc  (^rrman-tUvfr,  jiaeijong). — On  coal  fn  R.  7*  (tat  Md 
pnidun<s  a  coat  near  the  aiuay,  yellow  whil«  but  and  while  on  malinff.  The  CMl 
jiuii^lvnud  uitli  cobalt  »olution  and  ignited  in  U.  F.  aMuioea  a  ydlowbb-grevu  cotor 
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«n  anliu); — «M.  After  licini;  fuwil  alone  on  ouni  the  button  is  tbcti  liratiNl  with 
hornx  (d  (>■  v.,  long-  rtimi[;h  In  uxkllu!  mid  di»w)vo  nil  iho  iitvi«!»,  the  uxjiloa  of 
which  cnonoc  be  rvtluctxl  fniiii  bunix  witti  the  U.  F.  uIuiil-  ;  the  biilKXi  im  t\wn  mnovetl 
frum  tliv  itInm*  atiiJ  the  Uttvr  fu^ed  in  It.  ¥..  until  all  ot  lliu  rciJiR-ilili!  nxiilcj  nrr 
ledumi  utit.  Ii  aill  now  ^^ncTftllv  Hpprar  blue,  omt  preserve  tUi»  i-ulur  when  ftwed  on 
plutiiium  wire  in  U.  F.,  »hawing  only  robaJt. 

Fwfrd  with  S.  Ph.  un  rnal  in  O.  F.,  the  button  freed  fhimcolult  »ffi>riU  a  diirk- 
«BB  ^laM,  mtmI  if  a  {lortiun  uf  tliid  it  futcd  with  more  S.  I'h.  on  plurlnnm  wire  in 
D.  K.  it  will  n'lvii  n  line  iffvcn  bead,  muitiniu;;  Kreen  on  cooling.  This  bi-:id  bhok«n 
off  und  ir«ated  with  tin  on  c<>al  in  !(■  F.  becomes  opaque  red  on  coolint'.  (nmi  dubüx- 
of  cof>|>cr,  and  the  grvcn  S.  Pli.  \;\aM  tli«rvlore  tihowv«l  cofiper  and  nü-lri.  The 
|«Idl->b-whilt\  inalU'ftbk  button,  left  iifiur  tnattncmt  with  8.  I'b  ,  may  furilior  vield  a 
tuacc  uf  nViyr  il' i-ii|H.'lk-d  nith  ti'flt  lend.  (If  the  button  i»  fu«oiI  wiih  Hhoiii  three 
tmc»  it.4  weight  of  ^old,  bcaide  borax  on  cual  in  O-  F-,  and  kept  in  l'u»iun  fur  M>me 
time,  llie  ;;Iu!j)  nill  unly  show  ttte  yellow  color  dan  lo  oxide  of  tiiekd.  becnuM  co[iper 
Bumbtncd  with  nieko)  oxidtxc!«  with  gruMt  diHiculty  in  preM-nc«  of  much  (,'okl.) 

Tlio  cumpusition  of  p:nnun-»ilTcr  i«  tlicrciiure :  cupper,  with  perhupa  a  trac«  of 
Unr,  nichi  «ilh  M  little  txtlmttl,  nud  ji'nc 

Hanr  loiHffwtllt»  Frtibfry  Ifonl-».— (The  ftarae  reaction»  will  bo  afforded  br  any 
nw  lend  frvtn  ures  oituilar  to  eIium;  Hnii.'lted  at  Freitwiy-  iVlloys  which  eerininly  cou- 
lain  no  luerrury»  and  little  or  nu  uiber  volatile  mewJ«,  need  nut  be  tcalvd  in  tlio  closied 
Uabe  ;  thi«  teiit  is  th(?re<ure  nut  ruadu  witb  mw  Itaui.  In  the  open  tabc  it  fiiKefl  and  [a 
MBTrnrd  with  oxide,  hut  yitldr«  uoiUin;:'  volaliU'.  FtiMtd  wry  eus-ily  on  cüni.  cmita  • 
railHT  fttrtini!  mlur  of  arwaic,  and  euau  the  co&l  at  ^m  with  axidt  of  anliimmy,  niter- 
mmr\\  ropioutly  with  oxwle  of  leiid.  A  feeble,  yellowii.h  eoat  is  also  »omctiRwa 
ptnited  ucitr  the  asMiy,  wliicli  biX'üniM  almusi  white  on  cooling;,  and  ihorvforc  iudi- 
,ie»  line.  Un  fmün;;  it  hit  of  the  lend  with  Iximx  on  coaI  in  Ii  F.,  üo  thiti  the  livrMX 
;lara  i>  protected  by  llic  ttattM  frum  occi'M  of  air,  u  cleur,  tulurU-M  k''''^  isohtuined, 
llich  in'nerytlly  r>'niainr>  '»lorleu  when  n--nH-llt?d  un  plnlinum  wiir  in  O,  F.  If,  how- 
'cr.  the  lead  is  not  quite  free  Ironi  iron  lltesla-s«  nill  be  feebly  yellow  wliilo  hut. 

If  another  bit  is  fu«e<l  on  conl  bi-«iil«  buruci^^  acid  with  thu  blue  llanie,  the  eual  ts  at 

im  poated  witli  aniimony.  and  a  di»lin<'t  anienic  wlur  can  Iw  pereeirod.     On  contina* 

Inj;  the  treatiitenl  until  t;nlr  a  *>!nall  button  rvtuuinK,  and  fuHinfr  thiü  with  S.  I'h.  on 

coaI  in  O.  F..  a  i^tevn  gUisa  result»,  which  treated  witli  liu  on  eoul  beeuroe»  o]Miqnc  red 

r-pn  eijolin^r^-oo/fier.      By   cupelling'   the  button   rusiiitint;  from  the  treattitcnt  with 

■S.  IMi.  on  lionC'Ush  with  a  liltl-  teat  luail.  u  «mall  xäi^r  button  ia  obtiiine<|. 

If  n  third  bit  of  the  lead  U  (uicA  on  coal  in  (.).  F.  with  neutral  oxalate  of  ]h>taAsa 
and  liurax.  and  iIk'  fntol  inniw.  whii:li  bati  Mink  {iarti»lly  inift  the  roal,  t*  laid  on  «Irer 
fciil  and  tiKtislnied  with  water,  it  will  in  Ctrtiiiii  eune»  ciiii^e  a  bUek  or  brown  apot  of 
nilpMdc  u(  silvvr,  bhowiu;:  tliut  Nul|ihide  of  lead  ii  siitiietitnL-»  pre^uiit. 

The  niw  binl  eoilflsts  therefore  of  lead,  Mitcm;  a  lirile  eoftptr,  arseiuc,  ani  antimony, 

5nd  oceuMonrdly  tmres  of  irtm,  ztac.  anil  gu/phvr. 

m      ßlart  ntftfirr,  very  imjmrc.     Tlir  rilin;:^  hoalcd  to  n^dm-sa  in  ihe  open  lulie  wilh  th« 

rUuwpijw  Sjimic  evolved  u  liltle  nilphiirout  acid,  recognized  by  mennti  of  moist  lilmaa 

paper  iub«rled  iii'o  ihc  tube.     Al  »i^ane  distance  from  Uu  a«sAj  anexcecdin;;ly  trifling 

^irbife  uonl  wiu  nl-«o  deposited,  which  hnil  th-  Appearance  of  oxido  of  ttniirnony. 
AloitR  iHi  «lull  fiiscil  with  difficulty,  cvolvin;;  nu  odor,  and  Kirinu  Only  a  tliitiinet/ivu/ 
joaL  When  fused  with  teat  lead  liL^tde  boracic  acid,  mi  a^  lo  leare  llic  ru'-tjillic  hat- 
ton  (n«  on  on«  »dc.  there  wac  likcwiw  no  odor,  bat  while  the  lead  wiu  oxidizine 
AJid  ditwilvin|>  in  the  boracic  aeid  A  white  coil  fornrietl,  which  brin:;  Kcmped  ofT  and 
lived  in  S.  Fh-  on  platinum  wire,  and  the  re»uliing  bead  treated  on  coal  with  tinj 
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wu  ivn>i:tilu>l  o«  Qxi*U  pf  aniinumif,  »Ance  iho  Imid  |jo(-«mo  quit«  dark  grajr  ob  ccai> 
iliff.  1'hv  Itiiltuii  nrtiminiitff  iiliifr  iivHUnciit  wUb  buntdc  nckl  wu  fuund  to  U  frM 
bum  tiNtd  wIk'ii  iiMcil  iitmi«  ou  cu«l,  iin«!  wu  irrav  und  briulc 

KiiMtl  with  twinix  (in  conl  in  U.  f.  thi.'  hinck  cu|t[K'r  gare  d  tninJi-hliie  glAH,  ihov 
tni;  lu-iV/«'  •/  rttiwi/t,  nni\  tili«  (jUi'»  rr-niclt<.tt  on  )iJutiniicii  wir«  ioO-  F.  apprAreil  giMO 
wbili-  liul,  l'Ut  tilnv  a::nin  un  iuuling— ua'oulf  itml  n  litile  ix». 

Tliu  iiiL'titllk-  l>iiltuit  n.-[]iii(tiiit|;  ln>m  ibe  trcsiiDuut  wilb  bomciv  acid,  after  k  Ititk 
ruldia*  ul  ivKiilt  lind  Wen  fitjjnmicd  witli  Iwrax,  wiu  fused  un  coul  in  O.  ¥.  wttfa 
8.  I'll..  t:ivinii  a  qiiiic  iliirk  crci'n  ^Iüs»,  bütti  hut  and  cold.  TminJ  with  dd  dik 
l^liuiB  Ux-iittii'  i))i(ii|i)e  nil,  lind  lh><  jrTvcn  colur  tln^rcfüre  indicated  copper  ami  »iäd* 
Thv  Ixilton  yi't  mmiinin;;  undifc^olrcd  wo«  liktwiiii:  MtÜl  t^ay  oriü  rcrr  l>riiile.  niid  tliu 
briiltL'nvss  tiiilit-atctl  lUc  |iirH'iii-i<  uf  nrsrnic,  wliii-li  »ri-mcii  to  bclon;;  chitHy  wiib  tlic 
lllckvl,  Ij.xhum*  it  toiild  b« -.cjjarnicd  nviilicr  with  buracic  «cid  nor  witli  S.  Fh.  A 
sfjdJiil  tt»t  lur  niiwiiiL',  p.  347,  »buwcd  ibc  actual  prewtiix  uf  aaot  entliul)-  utiiiaportr 
ani  Hmoiint  ul  ihat  ludr. 

Tl.i^  lilni-k  ixip|)cr  ihcre'urc  consitfin]  of  efpfwr,  Uaii,  lucfcri,  («boA,  üren,  cwtfi'wawy, 
nnrntV,  nil/Jtur.  ndd,  ru  fonnd  by  ■  »itnial  lueiny.  Minic  «lYivr. 

St*tr  amnl'ium  wataiMing  noiä,  vvry  iiii[inre.  Alimi'  lu  tlw  closed  lube  allbntiMl  a 
«iKirniilr  .>!  inoiwllic  dn»!»-,  »Uifh  wriv  volkrTcd  lo  a  );lobu1c  of  nmenry  bjr  gcaüjr 
opi'bi^  ti|K)n  tbc  rulx.',  nttd  luiild  llii-n  Im.*  vAhily  «luikcn  uiit. 

Thc>  |ior>iiH  n'üiilnu  wim  fir»T  tiioAl  alone  uti  cunl,  iilTtjnJiiig  a  trifling  yel'ov  coot  of 
mritU  o/ltnif,  whilt'  ihr  nu'luil  ^ilvt-r  liutluti  wii»  i-uvcn-*!  wilb  a  crunl.  Suini*  borox 
WH»  ihtn'fitri.'  nibiid  und  ibc  whuli:  fiiKd  in  K.  F.,  wbcii  nn  a)i|ianuiily  pun>  tüiva 
button  Milti  n  liri;{h(  »urriK.-«  cim.-!^«!.  and  ibe  bumx  i;lii».<  wo*  givciiiih  uii  cooling. 
Till»  ^.-tn»^«  irvnio«!  on  tmuthtr  piiri  uf  the  coal  with  tin  «»saiDvd  the  pur«  ritriul-tp«aB 
color  «if  \in4oiitlt  iif  iron. 

U|K)it  iiittii;:  the  n-mainint;  ellr«'  button  wiib  S.  Pli.  tba  i;U«i  ■sMimH  a  ({TetiB 
ro)f>r  ililnr  nbcn  rold),  nml,  ntclird  with  tin,  Im-nmr  opuquo  ml  on  ctm\\nt^- -eoftfrn". 
In  onk-r  iti  tv^nv  ihc  »Uvcr  ;iniV<i'ilv  it  was  cufM:Ui-d  with  teat  lead  and  then  «llaautved 
ID  nitric  ni.'ld,  wliL'ii  »rvrral  Unok  flnkc»  rcmninrd,  whit-h  on  bdug  wa»)»ed  with  d» 
inied  wrtli-i'  tiiid  cn|icll<,-d  with  n  little  t»!  It-od,  formed  a  pure  gold  button. 

The  aitiit!(iiini  ihi-rcloit;  conüistv«!  chtHj;-  of  «7<wr  and  mtnury,  but  contained  trilUng 
ftdinixliin-i  Ol  •jalii.  mp/ter,  tend,  und  iron. 

TrUriifi  uf  friimulh  <tr.tmd^milt\,  p.  S81. 

Ttiiurid*  of  tiirrt  \het»ilt),  p.  31 1. 

AnUmoHuh  ff  titvrr  tt/ipatutle),  p.  311. 

Ptaliutim  with  «fArr  meUi/s  inaltvt  piatiniim),  p.  SIC 

Uald  with  jj/tw  {natiit  yoldj,  p.  34(0> 
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,jf.  Preparation  of  the  substances  to  he  quantitcb- 
lively  examined  for  certain  constituents. 

Is  quantitative  aesays  with  the  blovpipe,  jaet  ae  by  the  wet  pro- 
the  substance  to  be  pxsmtned  murt  undergo  ct-rluin  pn-limi- 
'  uary  opcratiuns,  which  are  limited  chiefly  to  drying,  iind,  in  case  uf 
mixed  subatances,  selecting  the  best  posaihlo  avenipe  »-ample.  Fri- 
able «nhstiino4'rt  containing  mechanically  nomhined  wiiter  slioiild  be 
'  dried  at  u  temperature  of  100"  C,  and  then  pulverized  iu  an  ngiitc 
■  mortar  ir  the  subelance  ia  brittle,  but  not  fViablc,  it  is  broken  ui 
tine  «8  possible  between  paper  on  an  anvil ;  if  malleable,  it  is  Iwateii 
liotweeu  pnper  into  a  thin  sheet  and  tlieu  cnt  np  with  the  acisw^ra. 

I  Ores  dressed  on  a  large  scale,  even  when  they  bare  not  been 
f'ffpecially  dried,  naunlly  api>eur  dry  while  still  containing  goyenil  |wr 
uent.  of  mechanifally  cunibined  water;  the  same  ores  also  absorb 
moisture  again  when  kept  iu  damp  places  in  unclosed  vessels  after 
being  dried.  A  quantity  of  these,  more  than  sufficient  for  two 
assays,  must  be  dried  in  a  porcelain  dish  over  a  lamp,  at  about 
100°  C^  and  the  dry  ore  pulverized  in  an  agate  mortar.  Care  must 
be  taken  to  avoid  too  high  a  temperature  when  drying  ores  contain- 
ing compounds  of  sulphur  or  arsenic,  since  otherwise,  roasting, 
with  partial  decomposition  of  the  ore  and  alteration  of  weight,  may 
_    result, 

I  MiDcrals  and  metallurgical  products,  which  arc  almost  always 
received  for  analysis  in  a  dry  state,  are  broken  up  between  i)aper 
un  an  unvil,  or  in  a  st«el  mortar,  and  wlien  friable,  pulverized  in  an 
agate  mortar.  It  is  safest  to  prepare  fh>m  the  substance  to  be 
assayed  eight  or  Utn  times  the  amount  of  powder  needed  for  one 
aaaay,  except  in  cases  of  pure  crystals,  or  fragments  of  minerala  vt 

I  metallurgical  products,  since,  when  too  email  a  quantity  is  used, 
there  is  no  certainty  that  a  proper  average  has  bi-en  attained,  as 
regards  the  proportion  of  metal  present. 

For  cxunple,  when  too  small  a  qtianiitjr  of  a  rich  dry-stonipcfl  silver  or«,wli{ch  may 

^e  •  mixnin*  of  real  »ilvcr  ore  and  subsiAnccs  conuinine  no  silver,  is  »ken.  one  ma; 

have  loo  manj  rich  portions,  or  too  many  poor  portions,  which  will  give  n  very  difTtTcnt 
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proportion  of  noeal  IVon  üiNt  cootnlneil  in  the  whole.  Fnsm  «n  ore  prrpsml  im  tU 
largo  K»]«,  ibcrcftirc,  a  qnancitv  of  at  lout  tbiny  tcmmtats  ihonld  alwaj-n  Ik  mkcn  Gtnm 
r«rioui  part«  of  the  b<!np,  mixinj  if  po««ihlc  in  nn  iron  mortar  and  oiade  eoKWwhil 
tincr,  and  rrvm  this  the  portion  required  for  the  blowpipe  oMAVi,  fnm  dgfal  to  ten  Uov- 
pijiv  «-111111:»,  uken.  driod  according  to  tbc  premlins  dlreciions,  and  nibbed  quit«  iiw 
in  a  mortar. 

II,  Detailed  description  of  the  quantitative  assays 
with  Die  blowpipe. 


1.  THE  SIIiVER  ASSAY. 

Thb  blowpipe  assay  for  silvcir,  first  proposed  by  ITnrkort,  gnd 
described  by  him  in  u  work  that  Appeared  iu  Freiberg,  iu  the  y«ar 
1827,  is  one  of  the  most  important  assays  that  can  be  made  with 
this  instrument.  It  is  possible  not  only  to  dotect  in  a  short  time 
the  silver  in  any  ore,  mineral,  or  product,  but  also  tu  determine  iu 
amount  quantitatively  with  all  needful  accoracy.  Uegfard  miittr 
howeTcr,  be  paid  to  Uie  other  substouct«  besides  silver,  with  which 
we  have  to  do,  and  we  mögt  classify  the  mineral  and  metallic  bodies, 
together  with  the  artificial  product«,  in  order  to  determine  the  sUrer 
in  them,  and  each  of  these  closaea  must  be  aasayed  by  a  suitable 
method. 
They  are  classified  into: — 

A>  Orts,  miHeralg,  ami  products  in  which  the  silver  is  espedaB^ 
cfrtHbintd  tcUh  nou-tHetaUic bodies,  and  these  further  into: 
a.  Those  containing  volatile  constituvuta,  viz.,  sulphur  and 
arsenic,  as  well  as  chlnriue,  bromine,  and  iodine,  iu  greator 
or  less  proportion,  or  such  as  are  wholly  IVee  fWjm  tlicm 
ftnd  can  be  decomposed  by  fusion  on  coal  with  borax  and 
test  lead. 
h.  Tlioee  containing  compounds  which  cannot  be  decomposed 

by  fusion  with  borax  and  test  lead  alone. 
c  Those  coQBtsting  of  metallic  oxide  that  are  readilj  i«dnoed 
on  coal. 
K  Me4sUie  eempommdt  («Bfifs) ;  these  an: 
«.  Those  in  whidi  sUrer  is  the  chief  eoBiÜtnent,  or  io  which 

gold  occurs  with  the  silver. 
k  In  which  copper  or  nickel  forms  the  prerailiDg  ooustitocot, 

while  niTer  is  only  a  minor  odcl 
c  In  which  lead  or  bismuth  is  the  chief  constitiaenL 
4L  In  which  telluriunv  antimony»  or  aino  is  the  chief  eoostitii^ 
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&  In  which  tiD  is  the  chief,  or  else  011I7  an  ftcc«88orj' constitu- 
ent 
/,  In  which  mercnry  18  the  prcTailing  constitneot 
ff.  In  which  iron  or  steel  is  tlie  chief  constituent. 

IL.  Attiay   for   Silver   In  Ore«.   MineraU,    and    M«tallnrg-fRBl   product!   In 
which  the  silver  tu  «wpeciaUy  combined  wllh  non-inet«IUc  bodiM. 

I  0.  Svbsiartces  which  contain  voUtlile  const Huents^  vte.,  gitlphur  and 
arsenic,  as  tvell  as  chlorine^  brmnine,  and  iodine,  in  grsater  or  less 
proportion,  or  are  aitirely  free  from  thcm,  and  can  bs  re<luced  by 
fiixtun  on  coal  ivith  borax  and  teat  had. 

Here  belong,  among  oivs  dressed  on  a  large  Ecule,  such  as  contain 
more  or  \<i^^  pyrites^  c/t(dcop;/rifejmisj}icl-e(,.'stibnilr,  ami  &/<•«//*.  a« 
well  as  the  minernU  iiliove  mentioned ;  further,  all  the  so-calkd  Uilrr- 
ertCt  con&iatiug  chiefly  of  earthy  ingredients  and  containing  only  n 
J  small  portion  of  actual  silver  ores ;  all  tin»  ores  ennmerated  on  pages 
30G-308.  in  which  the  silver  orciirs  in  crimbiiiation  "wiih  seleninm  or 
aulphnr  and  other  selenides  or  sulphides,  as  well  as  with  chlorine, 
bromine,  önd  iodine ;  furtlier,  all  the  cc)pper  ores  enumenvtoj  un  pages 
Ä87-388,  in  which  the  copper  ia  combined  with  selenium  or  sulphur; 
the  lead  ores  named  on  pages  :^57-258.  in  which  the  lead  is  present 
as  «elenide  or  sulphide  of  lead;  further,  ronsteil  «rginiifiTinis  lead 
and  copper  ores,  all  allver  ores  and  raetalliirgical  producls  roustfil 
with  salt,  fur  the  pui'poüe  of  amulgamatiou  or  extraction,  uud  the 
residues  from  amalgamation  or  extntctinn  ;  finally,  among  metallur- 
gical products,  IMintein^  lead  and  copper  niatts,  eadmiu,  flue  dust, 
lead  and  cobalt  speiKseP,  hearths  from  enpelling  and  retiniug  silver, 
all  sorts  of  argentiferous  slugs,  and  also  the  silver  scraps  of  the  gold 
and  silver  smiths. 

1.  WKIOniNO  AND  CBAnOING  THE  ASSAT. 

Ores  coiisisting  of  a  mixture  of  rich  silver  ores  and  earthy  parts, 
which  usually  yield  in  analrsia  varying  amounts  of  silver,  are  best 
weighed  ont  in  two  or  Ihree  portions  of  1  centner  =  100  milligr. 
[vids  p.  27)  each;  on  the  contrary,  poor  silver  ores  and  crystallized 
minerals,  as  well  as  producta  which  diflVr  very  little  or  not  at  all  in 
richness,  are  generally  weighed  ont  only  once. 

The  weighed  |X)rtiou  is  transferred  to  a  mixing  capsule,  into  wliich 
the  Bcale-paii  ia  cleaned  with  a  brush,  aiul  horax-glaas  and  test  lead 
are  then  added.  The  qiumtity  of  borax-glass  is  regulated  by  the 
fusibility  and  amount  of  the  substances  to  be  converted  into  slag. 
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Thesmultgpoon,  Fig.dli.hniiped  full  and  conUining about  oncdedgr. 
orniitf  ctr.ol  borax-glu&BiäeulliL'ieiU  ruranu6Siiyufdifiicnltfiifiiun.bat 
if  during  thf  fusion  the  aamy  Si^ema  too  rvfVjictory,  %  uuaU  {lürtioo 
i}(  this  flux  eun  Imi  tulded.  Less  U  Dot^led  »ith  very  fusible  oks,  i 
in  goni-iai,  s.ieh  us  huvc  no  earthy  udmixture,  bnt  ctJiisist  odIj 
mctuihc  Etilphides  which  oombine  ivadily  with  the  kad  uud  am  \es$ 
oxidi^table  thuti  it.  Fur  thusv  a  ipoou  but  slighlly  heaped,  cuutam- 
ing  früfn  unu-hulf  to  tltrve-quarters  ctr.,  is  quit«  sufficii'nt.  With 
:i6Kayscuiituiuiug  a  cuuKiderable  pruporlion  uf  earthy  inijredieHtÄ,  »r 
umeli  in»n,  cobiilt,  or  tin,  tbt*  spoon  must  ulw-uya  be  heii|K.-4l  full. 

The  quantity  of  test  lead  is  regulated  by  the  prest'üce  of  other 
nietjils  iu  thu  a^say  substance. 

If  it  it)  u  sube^tunce  containing  not  more  than  soren  per  cent,  of 
stopper  or  ten  per  cent,  of  nickelj  five  otrs.  of  Uiul  ore  used  fur  one 
rtr.  uf  uBsuy  iwarder,  being  measured  in  the  test  leatl  Du-junre,  Fig. 
38;  if  the  ^«ubi^taiiuu  contjiins  more  than  sevt-n  |>er  CunL  uf  trupiK-r  or 
ten  per  cent,  of  uickel,  the  amount  of  lead  must  be  proportioually 
iucreasiHl.  The  jm'sence  of  cobalt  is  less  to  he  regiiixlLnJ,  us  this 
luetul  is  easily  slagged  off  with  borax.  As  we  caunot  alwnys  kuuw 
beforuhund  how  large  an  amount  of  these  metuls  is  pn-sent,  it  is 
better  to  use  too  much  lead  than  too  little,  since  with  tuu  little  lti»d 
the  wpar.ition  of  the  copper  from  the  silver  is  not  thorough,  whilr 
the  cupcllatiun  of  lead  rich  in  nickel  ts  almost  impossible. 

The  fnllowing  minerals  and  product«,  containing  portly  copper 
and  partly  nickel,  must  therefore  be  charged  vitb  Che  indicated 
»mounts  of  test  lead: — 


1  cit.  Chalcoritoi    coataioing 

I  "  OrtdUto 

1  "  Boniile 

I  "  Tmnwidt» 

1  •*  Zinc&blers 

1  "  Tcnahadtit«         " 

I  "  Chnkopjnte  " 

1  "  Suvnwjeril«  ** 

1  ••  Stuini»  •• 

I  "  Eiicairite  " 

I  "  Boiirnonite  " 

1  -  Copper  Matt 

I  '•  ••         - 

1  "  Lrad  fpoM 

I  ■*  Oabül  «pete  with 


■boat       60  */•  Copper,  with  15  etr.  test  k*d. 
65_Ö6  '•  -  -     ij    «      -      » 

5*-«0  -         "  »     ij    -      *      - 

♦e— 40  " 
40— •!  " 

30—40  "         -  "ho 

30— M  " 

la— 13  "       -        -J 

30—«)  -  -  -     10    -      - 

SO-TO  "  •  -     I«    -      *■ 

10—10  "  NMEd.  O»- 

b«lt.  BDd  Copper     "     10  -      • 

40—50  "  Nkkd  and 

Cofadt  ••     10  -      - 


When  the  substanceB  have  been  mrist  thoroDghly  mingled  in  tb' 
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sixing  spooUt  Tritli  the  aid  uf  ihe  irorv  8|>oor)  hand1i%  the  charge  ia 

pourvd  into  a  sodo-imp^-r  cylinder,  made  us  dirccU'il  un  p.  43.    For 

■tItiM    |Mir|nise    (bu  cylintluT   is  held    bL'tweun  tliu  thiiinl»  und  index 

^pti<i^L>r  uf  tho  Ifft  huml  und  Mk;  mixing  spnon  with  thu  äume  lingLTS  of 

■ill*  riglil  hiiudj  whilu  the  clugfd  end  uf  the  cylinder  nsU  im   the 

tiiidillf   finger  of  ihr    left  luuid.     Tliu   liji  nf  tlie  ciiiwule  18  then 

inst-rletl  into  the  paper  eyIiiuU'r,  which   i«  slightly  iiu-lined  to  «ne 

^do,  118  far  M  seems  necessury  fur  eufely  ]»oiiriug  iu  the  charge,  the 

wjter  iR'ing  pressed  a«:iiinst  the  lip  with  the  tiiiger  jind  thnmh,  so 

[hut  the  eiipiiuk-  oaiuiot  full  on  removing  the  right  htiud.   The  eliurge 

then  CJitised  to  sllile  gn»(lvmlly  into  the  cylinder  hy  gently  tjipping 

un  the  ou1(<ide  of  tlie  capsule  with  the  Imiss  ftirwps,  and  any  udhering 

lusl  is  brushed  into  the  pajx-r.    While  the  lower  end  of  the  cylinder 

fttill  n-nuiin«  resting  npon  the  middle  linger  of  the  left  hand  tlic- 

npjwr  emjify  end  is  prefscd  out  Ihit  und  then  rnllcd  np  frum  the  top- 

downward ;  the  cylinder  thua  far  closed  h  phiced  with  the  lower  end 

■pM  the  extremity  nf  the  left  thnmh.  and  the  ends  of  the  part  tlmt  wu« 

Bhilled  higetlier  are  heut  upward  and  toward  each  other,  making  the 

whole  [jerfccily  tight    While  wr.»})piiig  np  the  charge  care  must  be 

liken  that  the  lower  end  of  the  cylimler  does  not  open  or  the  paper 

cur  in  any  jurt^  thus  occasioning  mechunicjil  los«. 

2.  The  Frsiox  of  the  Assay. 

The  ftisinn  of  a  silver  assay  is  performed  on  cual  with  the  hluw- 

pipe  Uume.     In  the  cross  si-ction  of  a  good  piece  of  charcoal,  neiir 

jno  comer,  a  deep  cylindrical  hole  is  bored  with  the  si^uuiv  borer. 

f'ig.  40.  the  diiimeter  of  wliieh  isahnnt  nne-third  moro  than  tlmt  of 

the  p;t|X'r  cylinder;  or  »  coal  crucible,  Fig.  ^^ 

17,  ia  nsed,  as  shown  in  Fig.  78,  A.    Tlic 

itter   must  also  be  bnred  ont  as  tleep  as 

|neces«iary. and  the  hole  widened  from  atiove 

with  the  knife,  so  that  the  flame  can  be 

rtin-cteil  between  the  assay  and  the  inside 

of  the  crneihle  down  to  the  bottom,  and  the 

kssay  tlius  readily  melted.    The  cylinder  ia 

Met  in  the  cavity  with  the  end  last  clnsed 

^UioTc,  and    is  pn-ssitl  down  tlrmly.      The  assjiy  is  miw    inclined 
toward  the  Hume,  an'd  a  pure,  but  at  first  not  too  violent.,  redtieing 
-flame  directed  npon"  it,  so  that  it  almost  covers  the  upjjcr  part  of 
fhc  paper  cylinder. 

The  soda-paper  is  indeed  charred  iu  a  few  moments,  but  the  ashes 


FUt.  r». 


408 


PliATTNEirs   I1I.0WPIPE  AKALT6I8. 


are  not  disturbed  until  the  bi>mx-gla»s  tiiis  nireadv  fiind  togellicr  tbv 
separate  particles  or  ore,  so  that  they  Ciinnnt  be  blown  awäy.  WhcD 
the  ttsht'S  of  the  paper  bnni  auay,  oxpasiiig  a  part  of  the  chiir;^«'  o^  » 
fluid  ghig,  mixed  with  melted  globule»  of  lead,  the  whole  as^y  \a 
covered  witli  a  stmug,  but  pun?,  rpducing  flame,  -which  hue  on  m- 
clinuliun  of  30*  to  35°,  as  shown  in  Fig,  78. 

D'tiriiig  the  lime  thai  thiä  Itame  [a  used,  portiuus  of  the  eulphur, 
arscnie,  antimony,  zinc,  etc.,  Tolatilixe,  but  the  greAtcr  part  of  them. 
lis  xtrfll  lis  several  of  the  metals  still  combined  with  sulphur  ami 
jifj-enir,  join  with  the  lead  and  melt  with  it  to  a  button.  The  i>arthj 
iagredifuts.  on  the  other  hand,  and  the  metalliu  oxides  of  diOicult 
reduction,  with  a  small  ]iart  of  the  non-volatile  and  eiisily^  oxidizable 
anetals  which  become  in  part  oxidized  hy  the  tlrtt  action  of  the  heat, 
•fuse  with  the  bonix  to  a  slug.  With  coni|)onnd8  of  silver  and  chlti- 
rine.  bromine,  or  iodine,  which  are  decomposed  by  the  Und,  vajwrs 
of  chloride,  bromide,  and  iodide  of  lead  are  seen  to  pafiä  oft 

Although  it  generally  st^enie,  after  a  short  time,  as  if  the  «lag  vtu 
quito  free  from  load  globules,  this  must  not  be  regarded  as  nttufoc* 
lx>ry,  »ince  Iwneath  the  well-fnsed  slag  there  are  often  unmcllvil  |«jr- 
tiona  of  the  charge,  which  can  only  Iw  afifeeted  by  tbu  blowjiij)!! 
flamo  wlien  this  is  directed  betwetn  the  slag  an*!  coal  against  the 
bottom  of  the  crucible,  while  the  charcoal,  or  the  cUy  cylinder  vitft 
tho  crucible,  is  turned  during  the  blai>t  and  held  ineliued  tovunJ 
another  side,  until  the  a«say  has  changed  its  position  and  lufNfU 
over.    In  this  turning  over,  which  shonid  take  place  even  with  thr 
most  fusible  assays,  the  bottom  of  the  paper  cylinder,  Iwiug  all  that 
i-emains  of  it,  rises  from  below,  and  comes  in  a  charred  sbit^t  to  lln* 
top.  or  to  one  side.   To  destroy  the  a.shes  of  the  paper  the  a^iv  nnwi 
then  be  so  held  toward  thf  Same  that  only  tliat  part  of  (he  sUg 
where  there  is  no  paper  is  covered  by  it,  when  the  air  instand^ 
rnshes  in  and  the  ashes  are  consumed.     When  the  position  of  the 
slag  f\  which  has  been  covered  with  the  reducing  flame  «A,  Fig. 78» 
hjis  iHH'n  altered  several  times  with  regard  to  the  IcaU  batton  J.  at"! 
tlie  slag  finally  appears  rjuite  flnid  and  free  from  lead  globuh'S,  it  is 
also  certninly  free  from  silver.     The  R.  F.  is  changed  to  a  muder«!' 
0.  K.,  which  is  dir(*cted  against  the  lead  only,  and  at  a  sonievN 
greater  distance.     Tlic  above-nnrnotl  volatile  metals,  with   tbr  ml- 
pbur,are  now  driven  from  the  le.td,  whil**  some  of  the  eiwily  oxiili»- 
ble  metals  us  iron,  tin,  and  cobalt,  with  a  small  part  of  die  nicKl 
and  cupper,  are  oxidized  and  combine  in  this  slate  with  the  ^bigi 
only   the  silver,  with    the  greater  part  of  the  copper  and   niekfl» 
remains  with   the  lead.     In  substances  containing  innch  areeiiid' 
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of  nickel  it  is  difficult  to  digtroy  this  combination,  which  docs  not 
^  combine  n-adily  with  the  lead,  hut  remains  on  top  of  it^and  must  ba 
B  treated  a  long  time  irith  the  0.  F.  to  oxidise  and  alug  off  all  the 

iiickfl  and  arsenic.  Since,  however,  this  compound  rciulily  yi«*M8  \ts 
I  ailvfr  to  the  lead,  no  loss  of  silver  need  he  fi*ared,  even  if  Uic  urä«.'!iide 
Bof  nickel  is  hy  no  means  entirely  decomposed,  and  in  many  casee  it 

may  even  be  mechanically  separated  JVoni  the  lead  with  advantage 

alter  the  at-aay  Uaa  couU-d, 

I      When  tlie  volatile  parts  of  the  assay  arc  nearly  gone,  a  part  of  the 
lead  i8  oxidized,  und  with  it  a  truce  of  the  silver,  which  iß,  however, 
very  trifling.     Both  oxitlea  arc  taken  up  hy  the  s\ag,  hut  as  thia  i« 
^Iwnyg  in  contact  with  the  coal,  a  portion  of  the  dissolved  oxide  of 
lead,  exceedingly  pour  in  silver,  is  reduced  at  the  points  of  contact, 
ncciisioning  a  bubbling  in  the  slag.  The  slag  has  now  lost  its  spheri- 
K  ca\  shajw  and  has  si>read  out,  and  the  reduced  globules  of  lead,  Ürist 
BflpjK'ariug  on  its  bordere,  are  gradually  carried  toward  the  ar;;en- 
HtifcroQB  lead  button  by  the  motion  of  the  slag,  and  unite  with  it. 
When  the  volatile  matters  are  quite  gone,  the  lead  button  begins  to 
oxidize  more  rapidly  and  assnmejt  a  rotary  motion,  while  the  bub- 
bling in  the  slag  is  livelier.     On  observing  these  signs  the  coal  is 
inclined  a  little,  so  that  the  lead  button  may  go  to  one  side  in  case 
it  is  quite  suiToundcd  by  ghig,  the  blast  is  stopped,  aud  the  assay 

I  allowed  to  cool  upon  the  inclined  coal.  When  tiiere  arc  few  op  no 
constituents  that  require  to  be  volatilized  by  an  oxidizing  blasL  a 
short  tn*atment  only  with  the  O,  F.  is  needed,  after  the  fusion  of  the 
«ilvcT  particles  with  tl»e  lead  und  the  conversion  into  silug  of  the 
^ earthy  portions  and  the  metullic  oxides  of  difficult  rc-dnctiou. 
B  The  fusion  may  be  regarded  as  completed  if,  after  the  assay  is  cold, 
the  argen tifi-rous  lead  or  sihrr-lead^  has  a  w-hite  color;  if,  however. 

I  it  appears  l>lnck,  this  depends,  in  ruse  of  a  substance  free  fmtn  cop- 
per, upon  some  sulphnr  or  antimony  remaining  in  it ;  with  a  sab- 
Btjnee  containing  copper,  on  the  other  hand,  either  upon  the  copiwr 
alouc,  or  upon  this  and  both  of  the  others  at  the  same  time.  Sul- 
phur and  antimony  can  he  removed  in  both  cases  by  treating  the 
aseaj  again  with  the  O.  F.,  bnt  the  copper  can  only  be  separated 

k together  with  the  lead  during  the  cupellation.  In  assaying  any  sub- 
atance  for  silver,  therefore,  a  white  lead  cannot  be  expected  if  more 
than  a  trifling  amount  of  copper  is  present,  and  we  can  only  assume 
that  the  sulphur  is  all  remoi*ed  when  the  lead  has  been  in  rather 
strong  rotary  motion  for  at  least  one  minute.  The  complete  removal 
^of  volatile  bodies  from  tlie  lead  by  an  oxidizing  fusion  is  necessary 
■  for  two  reasons;  first,  because  the  impnrc  lead  ie  generally  brittle, 
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»nd  some  of  it  may  cofiily  be  lost  in  brcnkiiig  off  tJie  slag;  ami. 
«.•cüiidly.  betiause  it  is  liable  to  sputter  on  tbe  cupel,  eBjieciuIlv  wbcu 
containing  aiilphiir 

When  tlic  afisa;  \b  cold,  tbe  slag  and  leml  are  lifted  ont  of  thf 
(TDcible  with  a  knife,  laid  on  an  anvil,  and  thtr  blaj^  eeparati'd  u 
much  us  possible  with  a  few  btixikea  of  the  lianini(^r,  aftt-r  which  Üv 
Icud  is  held  with  the  forceps  aud  teuUn  iutu  u  cube.  iShuuitl  u  gtnall 
button  uf  urseuidc  of  uickel  adhere  to  the  lead  from  an  uesuy  rich  In 
nickel,  a&  menlioned  above,  an  atttnipl  must  lie  made  to  wparato  U 
here,  that  it  may  not  impedr  the  i-npelhiliuii. 

Among  the  ores»  minerals,  and  products  to  be  fnspd  according;  to 
the  prccedintr  method,  the  nioal  iufufiible  are  pyrites,  niidpickel.  rvr- 
lain  nickel  and  ctibalt  ores,  ami  «nch  JiuhgtchiJi  ns  ixmsiat  chielly  of 
sulphide  of  iron ;  the  other  substances  in  thiä  class  fuse,  for  the 
moat  part,  very  easily,  even  wlien  mited  with  refractory  earthy 
matiers. 


Ko  right  rwnlt  would  I»  olilainrd  if,  us  beplTincrB  rrH)iiriilly  dOi  the  oHrmp!  wm 
rnndp  to  pcrfonn  thr  (ation  of  a  «ilvcr  wtnj  with  tlir  O,  P  ,  »Iiicp  ■  coii^iidcnildi-  nrmmni 
of  load  woaltl  Im.-  uxidiciHl  nt  thtt  very  tirginnini*,  tlio  oxide  would  dÜMilv«  in  tlti'  iMiniii 
und  tx-itig  reduced  bv  tlic  oonl,  would  furm  ftcsh  glolmW  of  load,  mhkU  would  aliMrorl 
N  ponion  oC  che  sitvvr  »till  rrmnttiiii];  in  ihc  alng.   On  ntT«in|inii^',nl1cr  a  iVw  tiKitmutt', 
lo  cullcrt  thcfic  scpnnilcd  frlolmlr«  by  varftni;  itic  iKwitum  ol'  thr  rlik-f  liuttmi  ■■>  thr 
»Ug,  whirl)  mtuld  haw  ■pmwl  oat  to  n  arcat  rxicnt  orer  ihr  rotU,  new  one»  «rctild  tvn- 
aunth  form  In  tlicirpliu»,  which  could  nut  bedHtinguUliMlfniin  ihowruniAinin;:  *IIi«r- 
Tlie  «{jrcading  of  ilio  iliig  «Ipo  rvndcrs  tl»o<uinplcie  fiuKia  of  tliu  charff«  a.t  tlw  UitruN 
of  the  cruL-illc  illfflcuU  orqultv  impoaftJbk^and  nn  a»ay  in  which  this  iuünikc|ui>  Ixv« 
cominitti*il  «hould  be  n^nlcd  lu  uwle««.     [Thr  iidno»!  cnn>  mvt-t  he  takt^  to  hloiri 
p-duciniir  (Iahic  only,  during;  thv  flni  part  nt  iIk*  fusion  :  thi?n  the  lead  cannoi  oxhÜM 
tliv  liomx  und  di-«*ol¥cij  InmÜC!*  wilt  retain  a  vplicrirnl  form  and  not  adhere  lo  the  otW. 
the  ««*fty  cnn,  al  the  proper  llinc,  easily  l»c  imidc  to  luni  over  and  cX]>om.'  iIw  Iowct  pm 
uf  llic  papor  ani)  chitr^,  und  tlien,  when  nil  i»  in  proper  fiit^iMii,  the  oxidising  llnrfx't* 
to  lie  used  M  A»  to  drivi'  off  the  sulphur,  etc.     While  the  tlnnc  mnM  tie  Trdactn;:«' 
flm.  it  inntt  »ill  )tc  lurj^c  enough  to  keep  ihe  whole  raau  nt  a  pnipiT  irmptmiur«.  and 
It  mil»t  Iw  borne  in  mind  th«t  the  heat  pmilured  i»  nearly  iw"  «»cntiiil  to  -ncc«^  iw  t'" 
qnnlity  of  ihr  flnme.     Trnni^ll     The  time  rcquiiTi'.  fur  ihc  nliove  fusion  depriid»  up»* 
the  lUMir  lu  be  trefliinl.    If  it  contains  a  Uvf^  amount  t>f  volittilc  Kul»«inncef,  or  *^'-^  ■* 
mu»t  Ix!  sliujited  otT,  eight  lo  ton  miniitcs  are  nceesetary  ;  if  hul  Hute,  about  fivo  roinu''' 
When  «cvi'ral  away»  arc  lo  be  made  the  Mwonil  cnn  he  fused  whilr  :h4"  firal  bofulia;, 
then  the  thini  in  taken  up,  and  so  on.  until  nil  tlic  aimay»  weiuhi-d  out  bare  t>epfl  f>i«*l- 
ThoAiiMiya  mnrt  be  amingnl  nrconlinc  to  tlicir  niitnlKT,  to  avoid  cunfosion.   Wbifl  tU 
•crerAl  ouay«  hare  been  fiisetl  ihc  fir«t  one»  will  be  coM  and  cnn  then  be  ftw<l  fiW 
«la^  in  ibcir  pmpcr  order.     When  bat  one  assay  ii  to  be  made,  the  cupel  (britcait  b> 
fonoed,  as  will  be  described  noder  cDpeUtiioii,  wbile  the  sUm-lend  i»  coulinf. 


tiCOKUICATlÜK. 
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3.   UlTPELLATIOV   OP  TUE  SlLVF.R-LEAD  OBTAlNUD  BT  THB 

Fl'SION. 

It  is  well  know»  that  the  cnpcllatioii  of  the  silvL-r-leail  ie  an  oxid- 
ation occurring  at  u  reU-heut  with  acct'ßs  of  air,  by  which  (he  lend 
with  oUkt  osUliEable  m(*\n\i  i.-J  ei'iKamud  from  Ihe  silver,  which 
oxidixcs  with  difficulty.  In  the  biuwpijw  uissay  ihii  uxidizing  or 
cuiK'lliuj;  proct'83  is  divided  into  two  i»eriods,  viz.,  the  /laupftreil/fH, 
thi'  riiicrcninOhition,  or,  »s  wc  will  stjii;  it.  tlie  itfonfiat/ion,  and  the 
Ftinfrcibfn,  or  rciiniiig  cnpcllution,  which  we  will  eull  the  fine- 
cupellation.  This  divitsiun  is  uiccssary  becanse  it  is  uut  jioftsihlt;  to 
6i.-|>:irutc  a  large  {|üiiutity  of  lead  früm  the  silver  iu  ouo  |>criod,  so 
thai  the  latter  may  remain  iu  tlie  furm  uf  a  [)urt>  round  buttuti}  U4 
in  the  miiftte  assay. 

We  will,  tlierelbre,  now  describe  tho  tirst  period,  or 


TEE  SCOHIPICATIOjr. 

Thia  IB  the  easiest  uperalion  in  the  whole  silver  auay.  A  cupel 
of  silU'd  bonc'-ush,  jf.  24,  is  etrtick  iu  the  oup*;1  mould.  Fig.  49,  a. 
phte^-d  on  the  »tund.  Fig.  5U,  and  (he  hone-a^h  heated  with  the  O. 
P.  in  all  parts  as  strongly  aa  jiosoible,  so  as  to  remove  any  ivmuin- 
ing  hygrofoopic  moifitnri'.  If  this  heating  is  emitted»  the  steam 
eäcapiug  during  the  fusion  is  liable  to  cause  the  load  to  sputter  niul 
bv  lOBC  Aftpr  heating  the  cupel,  the  lead  is  placed  in  the  middle 
of  it  with  tiie  forceps,  and  brought  into  fusion  with  a  rather  strun;: 
0.  F.,  so  that  the  oxidatiou  of  the  rutiiting  lead  begins.  During 
this  n|xrtttion  the  cupel  is  incliiu-d  slightly  backward  from  tlie  lamp. 
and  the  result  ie  effected  must  rapidly  by  allowing  the  ffoiiit  of  the 
blue  flume  to  act  directly  on  the  lead.  When  the  lead  contains  nnich 
copper  or  nickel  the  perlud  of  fusion,  before  the  oxidation  begins, 
is  Domenhat  jinjluuged,  since  the  copjier  makes  the  lead  less  fusible, 
while  the  nickel  s<-parates  aa  the  lead  begins  to  oxidirA  toveriug 
the  whole  surlace  with  an  infusible  coat,  and  causing  a  difficult 
cu|wllation,  or,  with  too  little  lead,  entindy  preventing  the  operaliuii. 
In  the  latter  case,  a  piece  of  pure  lead  of  from  two  to  four  ctr.»  ac- 
cording to  the  thickucss  of  the  crust,  must  be  lulded  to  the  silrer- 
leitd  in  the  cu|>ei.  und  then  only  is  the  cu|x*lIation  possible. 

Persons  not  aecustuuied  to  using  the  blüWpi|K*  stmietimes  ex]M_*- 
rience  inoonvenieucc  in  not  immediately  causing  a  large  button  of 
«|vcr-l"ad  to  oxidize,  or  else  it  frefzett  during  the  process,  becuming 
oovered  with  a  coat  of  oxidized  lead  which  they  cannot  easily  drive 
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awii}.  In  üiiä  Ciisc  a  somewhat  stronger  blaäC  mui-t  be  uited,  and 
the  lead  tonulicd  dii-ectly  with  the  jH>iut  of  tbe  blue  fluuie,  und  uHcr 
this  bus  ucttid  uniiiti-rniptiMlly  on  one  point  of  ttio  Icud  butlou,  Uie 
loiiU  will  60UU  begin  lo  oxidizu  again. 

Whuu  tbe  lead  lias  beeo  brougbt  to  tbe  pmiKir 
lenijierutur«  for  cu|U'llutiiin,  lliB  tip  of  ilie  bloir- 
pijie  is  tbriist  further  inl-o  thu  tlumc-,  äo  us  tu 
])r(>duce  a  fiue  blue  point.«,  Fig.  id,  which  is 
directed  ftt  an  angle  of  uiwiit  30"  upon  th»;  ox- 
idiziug  )e:i(l,  go  ihut  Ibiä  la  kept  ut  .a  niodenttc 
red  beat,  but  is  only  touclu'd  by  the  oiUvr 
flame,  and  on  no  acconut  by  ibt*  lilne  Ibtnip. 
Tbe  snrronnding  air  thus  has  fn-e  ucct^s.  while  ibe  Irad  (and  cupiK-r) 
»lisorb  n  jHirtJon  of  the  oxyg-en  from  it  and  bfcome  oxidized.  'I'iie 
oxide  fiirmed  flows  from  tbt-  U|>ptT  surface  of  the  lead  to  the  bordt-r, 
cxhibiling  ])riäumt>c  colors  cunäed  by  the  iaterferencti  of  light,  and 
Golidities  on  the  cupel  behind  the  button  to  »  tlrm  muee  called 
litliarp.',  Fig.  79,  c,  which  has  a  reddish  yellow  fruetun;  after  cuoliug, 
if  free  from  other  oxides.  When  tbe  lead  contains  very  much  wivcr 
t,he  ]iririmatic  culurä  are  less  distinct,  and  thus  a  large  prup(»rtiun  of 
silver  is  already  indicated;  if  it  contains  cupiit^r,  the  color  of  the 
solid  litharge  is  nearly  black. 

The  cupcllation  must  proceed  at  neither  too  high  nur  too  lu 
a  lem]>eruture.  I^  it  is  too  hot  the  lead  begins  tu  vaporize,  and 
some  silver  may  easily  be  mechanically  carried  ulT,  especially  if  the 
lead  is  rich  in  surer;  moreover,  the  litharge  dues  nui  cou)  u|K>n  Ihe 
cupel,  but  sitiks  into  it,  by  which  again  a  part  of  ihe  silver  is  lu«l, 
since  the  surface  of  the  lead  is  covered  wllli  too  Ultle  fused  oxide  of 
lead,  and  the  silver  has  a  chance  to  become  oxidized.  If  the  cui»il- 
lation  is  carried  on  too  "cold,"  and  the  temperutnre  is  not  high 
enough  to  continue  the  oxidation  of  the  lead,  tite  latter  hecomcs 
covered  with  too  much  lithargej  the  motion  of  its  surface  causes,  ai 
it  freezes. 

This  mistake  is  less  injurious  than  having  too  high  a  temitemtu 
since  llie  frozen  assay  can  be  iuimcdiatcly  made  to  oxidize  again  by 
a  somewhat  stronger  flnmr,  without  Iosk  of  silver;  but  this  must  not 
occur  often  in  (he  same  assay. 

When  the  scorilication  proceeds  at  the  proper  heat,  which  cannot 
be  80  clearly  described  as  perceived  by  practice,  the  litharge  colleotj 
around  and  chiefly  behind  the  lead,  and  solidifies.  -After  a  quantity 
»f  it  has  collected,  and  the  lead  in  its  midst  has  too  little  «nrfueo 
exposed,  the  cupel  is  gradually  brought  into  another  position  with* 
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int  interrupting  the  operation,  so  tliut  the  Icjvl,  by  reiiäou  of  Us 
weight,  luuy  uiuve  to  tbti  aide  or  the  litharge  uud  ojcputie  a  gruuiur 
flurt'ut-t.'  tor  ojcidution.  The  \vad  haviug  tinully  decreH&*U  60  uiiieb 
thiiu  ill  Uli  tuaay  not  very  rich  in  oiIvlt,  it  i»  ouly  the  8izi>  uf  ik 
iuiiäturil*seed.  Fig.  79,  d,  uud  iu  cuäe  of  a  rich  assay,  abuut  two  uf 
thn?fr  time«  as  large,  the  cnpel  is  removed  from  the  flame  hy  degreea. 
Bit  that  the  lead  bultuu  muy  very  gradually  »ulidity  in  the  litharge. 
The  biitu>n  Will  iud''ed  always  be  äunievi'liat  raidi.^d  by  the  coutrac- 
tiun  of  the  Cüoliag  litharge,  but  if  too  hastily  drawu  uway  fi*um  the 
flume,  cite  still  soft  button  will  be  too  viuk'iirly  driven  out  by  the 
suhditiealiMU  of  tli*'  liiharge,  and  a  ä|wttering  uf  the  K'tid,  with  loss 
of  «ilverf  muy  easily  occur. 

Notice  inu^i  hcru  be  takeu  of  a  phenuinonou  whkli  MtncütnM  upp«!*»  ut  ilic  cluoe  ut 
Ibe  «poriticiimn  nf  n  Iwid  button  very  rich  in  silrtir.  WIk'H  »ar\\  Irad  has  tx-»fi  *o  (Ar 
axiilixtil  ilint  ti  roni>Ut«  ut'  iilKiut  itx  or  »uvuii  jiart«  ul'  üilvvr  to  otiu  pnrt  of  Uuul,  AtiJ 
alUiwi-ii  to  cupl  sluwly  in  tlic  liibur^u  bcfuiv  u  fcnuluoUy  iliioinUbiiig  liluw|ji)]i;  flmiu*,  ■ 
|[n,i'i:ili-wlÜK\  east!  V  rriaMe  man  is  fuTv-ctl  uut  from  tliv  Niliiüfvint;  liuil.  wliivli  U  nlwni'» 
very  rit'ti  in  i^tver.  \t  npiKuni  lo  ite  a  »iili-o.^itlt:  ut'  le»il  mixiU  wiiti  iihfCillic  «iWcr,  ttiiil 
is  |)ruliality  Ut  be  n.>ninlitl  iw  a  ptiuiitimfDoii  ullti'il  to  ttiv  tf|>n>ut)ri^  of  mIvlt,  whi^-ti  will 
be  inc-nlioiK-d  uadcr  the  fiiiv-cu]iellation.  ir  unnolicvd,  ihc  ^renter  part  of  this  inim 
(alls  vff  iu  »«iMralin;;  (he  lend  from  the  lUhnr}^,  cniftiliitf'  a  not  jütuKctlaT  oiiiitijior- 
toiit  lutfi  of  'tilvvr.  TliLi  evil  can  bo  rvmodJeil  by  l^•alJn}I  the  silver  button  rutitoioitig 
Iciul  imtlietliuu>Iy  on  ibe  ra[>»-l  uiili  ibc  U.  V.,  nr  fii^ini:  wiiii  it  ii  siiuill  piw'C  of  lc*l 
(did.  wIkd  thu  wholu  unites  into  a  button,  wliicb  ci/ob  wiili  aclmil  suiliuv.  If.  ttu-ns 
fiipe,  A-h  om  or  pHxlucU  an-  to  b<:  n^^iyi-il.  tl  in  always  wuU  fitlKT  to  mtitlTiiiv  the 
•curilicaiiuii  only  m  f&r  llial  ihi-  IcAil  «till  form»  luun-  thuu  tbu  aixib  pnrt  of  ihi>  MvvT, 
ur,  IU  tbis  cAiiuui  «Iwaye  be  known  bcrurt-tuintl,  iiuc  tu  »tup  ilic  pruveji«  until  tlu;  silvvr 
U  nearly  (xve  from  lead,  m  eithvr  of  whicli  nuc»  ihe  pbcnoracnoti  will  not  appeir. 

After  the  «corilicalicri.  the  lead  button,  wliich  is  in,  or  surrnundfd 
by,  the  litharge,  is  taken  uut  togi'tlur  with  it,  and  wheu  ciwl  U  freed 
from  all  adhering  litharge,  which  is  very  easily  duno  bj  laying  the 
whole  oil  an  anvil  and  pressing  off  the  fragile  litharge  from  around 
the  button  with  the  broad  face  of  the  hammer,  without  touching 
tbo  bnttou ;  any  remaining  litharge  may  then  be  remorcd  by  a  few 
stroke«  of  the  hammer. 

THE   FIKB-CUPELLATIOX. 

This  iXMjnires  more  care  and  prucLici?  than  the  preccsiing  operation. 
The  bone-ash  remaining  from  the  scorification  which  ia  not  per- 
meated by  uxide  of  lead  is  broken  up  with  the  small  iron  spatula, 
coren-d  over  with  enougli  elutriated  bune  ajsh  to  till  the  cnpel  mould, 
and  ttftir  placing  ou  it  the  proper  stump,  it  is  struck  with  a  few 
blows  of  the  hummer  into  a  cupel  fur  the  liue-cupi-llation.  This  18 
tiifu  thoroughly  heated  as  before,  and  if  any  cracks  form,  or  |K)r- 
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tione  of  the  bone-aeli  become  loosoat^  during  tlie  hi'atiog,  froin 
inoicitiu-c  remaining  in  the  hone-ash,  the  I'aiilt  cau  bo  at  guw  rt'nif- 
died  by  placing  the  dean  stamp  upun  it  and  dtrikiug  it  once  or  twice 
gently.  For  this  purpose  the  mould  mast  of  course  be  removed  fn»m 
tbu  stand  to  the  auvil. 

The  lead  button,  d,  Fig.  70,  is  tlieii  phwred  with  the  f(irce|rt  U|ion 
thu  cupel,  60  that  it  may  lie  nearer  the  lefl'liand  edgi-  than  llic  mid- 
dle. Fig.  80,  thai  uuy  udheiiug  subHluuce  mur  re- 
main at  the  eilge  frhiu  the  buiiuit  muveg  toward 
the  middU',  and  may  not  prevL-nt  the  furuifttiuu  uf 
adpherieul  silver  bittlon  during  the  liu*?-L'U}*eJU- 
tlon.  Thf  cupolhitidu  is  then  carried  un,  obtHrn- 
ing  tht'  fnlltiwing  diri-L-iion?.  First,  llif  fujii'I  ii 
bruuglit  near  the  lump  flame,  with  thv  tstand  vo 
mucli  inc-ltiied  in  an  upjiojite  diroclion,  that  the 
Fia.  eo.  Ii^iid  button,  which  isi'U  tlie  fuither  sUh*.  cunnot 

roll  down  before  it  hae  becntne  fus«*«!,  The  button 
18  then  heated  with  the  O.  F-,  din-cled  dnwnwiird  as  ninch  np  |»ob- 
sible,  until  it  fuKes  and  boginA  to  usidize.  As  ^i>un  na  Una  lakes 
place,  tlte  stand  is  gruduully  brought  int^n  vertical  po«iti<iu  aud  the 
flame  ab  directed  at  an  angle  of  40*'  to  45'*  upon  the  cupel.  ti'Ward 
the  middle  uf  whicti  the  button  is  moving,  so  as  to  heal  the  hone- 
ash  directly  nbmit  the  button  and  keep  it  as  much  as  jHitrtbli«  in 
a  eou§;:Lut  gluw  uruniid  iL  This  is  best  ellet'ted  by  nioviiig  the 
cupel  slowly  around  in  a  small  circle  before  the  blotvpi|iL>  llanu*.  Lht? 
dirertion  of  which  renirtins  unaltered,  at  the  «im«'  time  inclining  the 
sUkhd  ii.s  rL-quired  toward  the  tlume.  and  giving  it,  if  neLvotsiry,  a 
slight  rotary  morion.  Withont  touching  the  assay  with  the  flatno. 
a  stiMug  enough  heat  must  bo  imparted  to  the  boni-a»h  lu  koi-p  th« 
ass;iy  in  oxidation  withoni  allowing  it  to  become  (|uit'l..  or  to  fn^rze, 
Hhould  this  happen,  the  soliditied  lend  muist  bo  brought,  fur  4 
moment  nearer  the  fiiime,  so  as  to  cause  it  to  oxidixe.  and  tlte  enpt-l 
then  immediately  moved  slowly  about  in  a  cirele  hefoiv  tht-  tlnnic 
»gain.  The  eupellalion  proceeds  better,  tbe  drier  the  surface  of  the 
bone-ash;  that  is,  the  more  perftictly  the  litharge  sinks  into  iu  If 
the  bnno-iish  is  not  strongly  enough  heated  it  Ix^cfmies  ocivcithI 
with  a  iliiu  coat  of  litharge,  in  whieli  the  button  Iwgin»  tu  »twim 
»bout  rapidly,  and  even  if  this  does  not  ruin  the  assjiy  it  i»  still  very 
diflieuU  to  detuch  the  silver  button  from  the  ouikI,  und  thu«  mi 
uncertain  n-sult  is  e;»used. 

It  i«  not  indispensuble,  aud  in  ctuse  ft  large  amount  of  h>ad  remainc 
with  tlie  silver  u.  t  possibl  .  lo  complete  the  tine^M|)elhitifm  on  one 
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spot  of  the  eiipt'l,  bat  tlie  button  may  just  as  well  he  iillowod  to  roll 
frum  uiiL-  place  U>  another,  only  kc'i?pihg  the  bonc-u^h  aruiintl  the 
button  ut  a,  red  beat  without  touching  the  lutttT  with  (hi*  fhtm«. 
Wlk'U  liio  liiat  fwrtiuns  of  leuU  have  Ixt-u  oxidizt-d  fruni  u  Iciul  but- 
tuii  |MH»r  ill  silver,  the  rotary  motion  of  the  R'imiiniug  »silver  luatüu 
nwy  Ovaeo  without  a  change  of  color;  the  heut  is  then  niisml  tu 
rctnove  eutiivlv  tbe  last  thin  cuuting  of  litharge,  whioh  afpttnitvu 
with  (he  niotit  ilifliculty.  luiil  the  silver  button  is  allowed  to  ciMil 
dlowly  by  gradually  removing  it  from  the  flame.  U  can  be  exam* 
iiii'd  with  the  glass,  tn  see  wJietber  it  has  the  pure  silver  color,  with 
u  briitht  surface,  or  wht-ther  it  requires  further  lle^ti^^^  If  the  lead 
is  rieli  in  silvi-r  a  play  uf  color  is  eeen  about  tive  or  ttn  äeuuiids 
before  the  "brigbteuing"  of  the  puiv  silver,  while  thi*  hi^t  ^lortioii 
of  lead  ia  sepaniting  as  litharge.  Colors  app'ar,  similar  Ut  those  in 
tlic  siruriliealirm,  but  they  are  much  liuc^-r,  on  ace^unt  nf  tin-  thinner 
coaling  of  hthargc  which  reflects  bcttt-r  and  causes  nioiu  perfect 
interference  of  the  light.  Tlioy  also  vanish  entirely  as  soon  aa  the 
silver  la  pure. 

So  lung  ;is  the  fine  prismatic  colors  appar  the  cupel  gliould  be 
moved  about  in  a  cirele  before  the  oxidizing  flame,  so  that  the  metal- 
lie  button  is  nearly  touched  by  the  tip  of  the  blue  flume  and  is  driven 
from  one  i>oiat  to  uuuther,  while  llie  blast  must  nut  c^-a^e  until  the 
aiirluce  of  the  silver  is  qnite  fr«*  from  litharge,  wbieh  can  be  very 
well  fceQ  with  a  rich  assay.  \b  sonn,  however,  as  it  shows  a  clean 
durluce  the  assay  must  be  very  gnulually  removed  iVom  the  flame 
ami  the  silver  allowed  to  cool  slowly. 

Wlun  a  large  silver  button  is  heated  for  some  time  after  it  ha« 
brighlencd,  some  silver  amy  ea^^ily  volatilize,  as  can  be  soon  from  the 
rose-cnlori.-d  coat  tinit  forms  ctn  the  cupel;  mnneovL-r,  lier'.-  luid  there 
OD  the  bright  surface  of  the  fluid  t^ilver  button  dull  »pots  appear 
near  each  other,  having  the  apjiearance  of  foreign  substances,  whicli 
finally  form  a  crust,  aud  have  a  dull  silver-white  color  when  the 
bntton  is  cold.* 

The  silver  button  must  be  slowly  cooled  to  prevent  the  6o  called 
$prttn/iiiff,  n  phenonieuoii  due  to  the  absorption  by  the  silver  of  ii 
small  amount  of  oxygen  during  the  ctipellation,  and  this  escapiwg 
again  at  t)ie  monieuL  of  soliditication  may  eiisily  cause  some  lo*s. 

In  eiipi'lling  silver-lead  eoutuiiiing  such  a  (juantity  of  copper  that  it 
C4innot  be  completely  oxidized  at  the  same  time  with  the  lead,  the 
silver   button   generally  spreads  out  during  the  brightening,  aud 

•  Tin-"*'  »i-prar  10  !ic  n  rjiinliinnliun  of  HÜrcr  nnJ  oxMc  of  fllvcr,  Mid  mnj*  pfubnblj 
be  ri-Kurtli-J  a»  üV»T.ivfliK*«i  *Üv«r,  aaaioyou»  to  over-refined  copper. 
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altliungli  it  lip^wurs  white  ufter  couling,  is  often  uny thing  liut  fre« 
frum  cüpjK-r.  Öucü  u  buttou  must  be*  melti'd  immeUiiitiOy»  while  siiil 
on  l-he  ciipt-l,  with  one  nentncr  of  fused  test  k-od,  or  if  su  amall  as  to 
require  ni<-uäuring  ou  the  scale,  with  one-fuurtli  t^  üiu'-half  ctr.,  und 
cii[K>lle(l  line  on  unother  part  of  the  i:u|>el,  so  that  it  may  heci^mi: 
round  and  »luite  pure.  It  is  belter  to  ptrfortu  the  fiual  cupellalidu 
of  :i  very  enpriferoits  leiid  in  this  way  thati  to  add  at  th»  start  aa 
much  I^^ld  us  is  lU'cessiiry  for  tlie  perfi-cL  seimratiou  of  the  copfwr, 
since  ill  many  ouaos  almost  twice  ud  much  teat  lead  would  then  )» 
requir^'d  and  the  fusion  und  cupeltation  would  be  rendered  mut« 
difKeult.  If  in  the  scorilieation  the  pr(>i>iirtiiin  of  copper  oxidised 
with  the  lead  wad  aii  great  us  in  the  äMca*ediug  fiDe-cuiwHatiou,  the 
copixT  could  be  si'pamtcd  by  the  first  Hne-cupellation,  but  as  this  la 
not  the  case  tho  copper  can  only  be  removed  by  a  second  refiuiog 
cupellatioi)  with  a  small  quaiuity  of  test  lead. 

Bli^'lit  uhfiinclu»  H)rtM-tiiiK-4  ttris«  in  ;lie  fini^^upcltntton  of  the  sil*er-1«ul,  wMch 
ilUrt-^iiriliit  mn.Y  cxrnnM  a  vcrr  l«J  influence  in  dvicnaiuing  una  vei^lit  of  lUn  ^ver 
tuuum  i>Ti  rlic  nn'iitirritij;  srnle. 

] .  In  -^iiilr  111  III]  cutv  a  bit  uf  liumviwti  ur  tminclliinff  flK  mtiy  adhere  to  tin  li<»il, 
«ml  il  ttu*  ii]HTiiliiiti  wea-  itjiitiiiucd  wiilioui  n-j:iinl  tu  llii«  llirni  woittd  l«o  danywr  o( 
silver  Imltiiti  nillK'rin;:  lu  it. or,  i{  wry  «iiimII,  prltin^  iiiiiJvr  ii,  nti<l  il  Mctilil  iu  aiiv 
m'cE\*T  A  v«rv  in>-};iiliir  ohniic.     It  it  tticn  liciicr  to  iiitcrnipt  tltc  ru|ii'llnttitii.     l^y  » 
little  \Atxv  tif  t'ii>cit  tett  Icml  nt-ar  tU«  tiuiton  nti<l  melt  the  two  toi^iluT,  altrr  which 
the,'*  RIX'  ii;:iiiti  <-ii|K-lk<<l.     Bv  lUU  mrniis  tho  miuu  uf  Icml  U  inmBp^tl,  ntiil  wtii'ti  iIm 
cu|K*l  i^t  inrliiml  ttt  one  »itlc  hiu  w(;i;;ht  vnuimli  to  tirvAk.  awhv  from  the  luDn-nnx  uhj 
anil  niiivt*  to  iiiiuthcr  juri  itf  tho  l'u|h'I,  uii  witirli  it  I'^tti  lio  cu]K!)k-4  |M'rt«'tly  fine. 

:!.  WIk'ti  the  ni-cetipiiry  [mirtiii;  in  cii|».'llntii>ii  iv  itnrttlnK.  loo  town  hi«!  »mi 
tlmv4  »ivt\  'inil  the  lilhnrp:  eiimtiiixlt  the  Imtion  a*  m  the  iwrnriAiiiliun,  in«Iuiul  ofMiik- 
ttif;  into  thv  rn)K*l.  Tim  c:u)ic1)iuiün  iniibt  then  be  itm)>]ttHl,  und  the  hiitcon,  if  brg« 
nioitch,  i'^'^Miratoil  frum  the  lilhnruv  with  tho  ruiw|w,  or  if  nlrvndjr  loo  »nuUI,  ti  tnu»t 
\v  niiltt-d  nilli  ii  srnitll  {üeve  uT tent  lend  (50-60  niiili^r  ),  and  un  coo'inf;  drtwlMHl  fnita 
tlifl  llttiiir;:^ ;  in  buth  caiMüt  iltc  fino-cu]K'lhilion  it  rooi^et»!  un  a  nvtvty  made  uid  hculnl 

3.  Atinicllmc»,  «n  arcuiini  of  too  luur  a  icmpvniiiiiir  of  the  cnpcl,  the  silTcr  bo 
remninw  *.iimitinili'i1  tluriii;;  the  ()ri;fhu<ntn<;  liy  u  little  litbiir;rv,  whirh  bns  not  sunk  i 
tltelMiiie-it-h,  nii<l  tin.-  hiittvn,  nlthoii;;h  n]i])arvntly]>uiT,  cnnnoi  be  (Mwily  «cjiArntt^^d  fm 
th«  nillit'iinu  litlitirvc  in  a  clcAn  slate.     The  liiuton  with  ihc  tlthnn^t!  nm^l  ihm  he 
»tnin;;!y  1ieuii.il  uiili  the  <).  I>'.,  At  mjiiic  distant«,  until  oil  the  Ullwi'{;e  hu  ruuk  i 
leftvin;;  U-liind  ihc  pure  hittton,  whi<.:h  is  altowttl  lo  cool  fllowljr. 

DETEHSIIN'ATION  OP  THE  WKIOHT  OP  SILVEft  BLTT0S8  O&TAiyEP  BT" 

THE  .4SSAY, 

If  too  large  for  the  scale  (p.  2R.)  the  silver  button  is  raised  ftvm 
the  cupel  with  tlie  »teel  fnrcep?.  Fig.  ait,  held  finnly  and  all  mlheriitg 
boiie-ash  removed  with  a  stitl"  brush,  after  which  it  is  weighed  will 
the  assay  weights  described  on  p.  27.     If  the  button  is  00  small  thi 
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Its  weight  can  be  better  determined  «n  the  scale  tliau  the  Imluncc,  il 
muät  bti  curL-runj  dftuc-lied  fruui  llie  i.nipcl  with   the  ginull  hrusa 

Ifoi'cc'ps,  p,  36,  60  that  it  may  retain  its  shiipv,  while  as  little  buiie- 
ash  as  possible  adhi'rcs  tu  it.  If  too  strongly  pressed  ila  diuntetor 
will  Ih>  ulterfd,  and  if  any  iKine-üäh  adheres  to  it,  tlii.'  huttnii  c^tiuot 
be  accurately  measured  when  placed  ou  its  flut  side  The  best 
method  of  proceeding  is  as  follows:  First  place  the  cu|h1  mould 
upuu  the  auvil,  then  carefully  insert  the  sharp  end  of  the  »niatl  iron 

Ispatnla,  or  the  point  uf  a  small  knife,  between  the  button  and  the 
t)one-tish  and  detach  it  fi-uiu  the  cupel,  holding  it  mt^anwhilo  with 
llie  sniall  forceps,  after  which  it  is  cleaned  by  rolling  it  betveeii 
papL*r  underneath  the  finger  on  the  table,  und  jduced  upon  the  scalti. 
The  mode  of  o|ierating  in  meiisuring  such  a  button,  or  di'ti'mnning 
the  amount  of  silver  generally,  ou  the  scale,  has  been  already  given 
under  the  description  of  the  scaln  on  p.  28,  «/  seq.  The  liubility  of 
silver  to  oxidize  euitses  a  loss,  culled  the  aijtelht/ion  /wax,  in  cupelling 
KTgeiitiferous  lead  in  the  niuflV.  The  siime  loss  occurs  in  the  blow- 
pil>e  assay,  not  only  in  the  fine-cnp«*Hation.  where  the  lithurj,'L*  sinks 
into  the  Iwne-iiüh,  but  also  in  a  le*:«  degree  during  the  seorilicutiuii 
and  during  the  fusion  uf  the  ore,  while  the  as.say  is  subjected  tu  the 
O.  F.  It  ig.  however,  less  than  that  which  occurs  i»  the  muffle 
iiasay,  where  all  the  litimrge  formed  in  cupelliug  the  U-ad  niu^t  sink 
into  the  mass  of  the  cupel. 
_  With  only  one  per  ount.  of  silver  this  loss  is  scarcely  penieptihle 
^  on  thi'  balance,  but  it  becomes  api>h:'ciable  us  the  button  to  be  weighed 
grows  larger,  and  if  n'cknned  by  percent^vge  it  increases  ag^iiii  as  the 

I  button  becomes  smaller;  it  also  altt-rs  as  the  quantity  of  lead  to  Ik; 
ciipcllc<l  increases  or  diminishes,  but  remains  constiint  in  other 
respects,  for  each  srpnrute  proportion  of  silviT,  if  the  ?jiine  *|iumtity 
of  lead  is  always  used  untl  the  proper  temperature  employed  in  the 
CDpelbtion.  Plattner  has  sought  by  ciireful  exiK-rimeuts  to  aseertai» 
the  loss  tli:it  oecurs,  with  a  proper  temperatnn^  for  the  cupL-ltation. 
for  CTcry  wcighable  amount  of  silver  down  to  one  per  eent.,  with 

I  varying  quantities  of  leiul.  The  tabular  arrangement  of  the  values 
found  is  given  ou  pp.  412-413.  Since,  according  t«  p.  400, 
cupriferons  silv-.T  oivs  and  minerals  are  charged  witli  ."i,  7. 10,  Iri,  and 
15  ctrs.  test  lead,  according  to  the  amount  of  copper  they  contain, 

»while    the  silver   button    obtiu'ned   by  their  cu|>ellation   can  only 
1»  oomplet*ly  relincd  by  adding  one  more  centner  of  lest  lead,  their 
cupillation  loss  is  given  at  once  for  the  whole  amount  of  lead,  vi«., 
^   fi.  8i  n,  13,  and  16  etrs. 
■      If  the  blowpipe  baluneu  described  on  p.  26  is  so  delicate  M  to 
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Skowino   tub   Loss  which  ooccbs   in    CiPKttJsti 


The  usajr  contain»  the  fulhiwiag  amoiuil»  ol 

Weight  of 

80  to  99  %. 

W  to  79  V». 

»0  tu  89  ',  •. 

10  lo  » *fu 

THB   tlLVKR  nUTTON 
OBTAINED    Br 

Ami  lw$  b«cn  c)iflr<^  and  ciipcUcd 

Ct'ntLXATIOK. 

10  ctrs.  Ivnil.    IScw.  IcatL 

1 1  em.  Icful. 

8  etn.  lud 

Tbe  cupoUndoo  lo&»  luäcriNJ   It;  Uie 

Uitlit;nimiiiM. 


Millier. 


Milligr. 


Mmi^. 


>UlIi)^. 


99.i  to  99.75 

SO. 

0.H1 

BO. 

OTi 

70 

(i.fa 

tiM 

60 

0.74 

OCI 

Hi 

n.ori 

0.i4 

40 

— 

0.G2 

11.55 

IU6 

85 

I      — 

0.57 

o.so 

0.42 

sa 

051 

0.45 

OS* 

s&. 

0.45 

(I.4U 

•►..•M 

80. 

0.43 

0.3» 

(ins 

U.« 

15. 

,          037 

U-32 

tl.SR 

U.» 

18. 

0.32 

0.26 

0S3 

0.1« 

la 

0.S7 

0.S9 

Ü.Stl 

11.17 

fi. 

o.:;5 

0.S1 

U.IS 

M.I« 

fl. 

0.22 

o.ia 

o.ir. 

IKIS 

7. 

OäO 

016 

0.14 

0.1) 

6. 

0.17 

0.1 4 

ma 

0.11 

a. 

0.14 

U.IS 

n  II 

a.io 

4. 

0.11 

0.10 

it.m 

u.rNi 

3. 

0.09 

0.1» 

0J17 

o.ua 

a. 

0.07 

0.06 

0-1.« 

O.'M 

1. 

1          0.05 

0.04 

004 

0.lXt 

iiiiUoatt}  O.ÜA  milligr..  tho  cii|K*lliitu>n  Uim  can  be  rcckunutl  with  Itoth 
decimal  placfs,  imd  for  silver  bütttma  weighing  l»iwefn  T*' and  60, 
iif  ^»0  und  Ü0,  etc.,  niilli^r.,  it  can  l»e  ledcuiu-il  fnmi  (he  diUVi\'iiOi'. 
For  instiiiioc,  Iroiii  one  ctr.  of  a  fiel»  silver  ore,  which  was  charp*«! 
with  five  olrs.  of  teel  lead,  a  eilver  btiMon  is  obtiiined  weighing 
53.45  inilligr.  Since  the  difltTetice  between  50  imd  HO  is  U>.  uml 
Ö3.45  wi>uld  fall  at  about  the  third  jwrt  of  thi»  diircretiee,  the  Kw* 

ft  4Ä  ___   II  Ojk 

for  tb  ifl  proi^ortiou  of  silver  would  be  0.33  + ^-^  =  0.33  +  ttOl 
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BLE 

Silver   with   various   amounts    of    Test    Lead. 


copper: 

TRS    ASSAY    CONTAIKINQ    KO    COPPER.    OR    I.KSS    TItAK 

7  to  9  Vi. 

7  */«,    HAS    BKKN    CIIAROED    A!II>    CUPEtXR»    U'lTH 
TUB    FCLLOWINO    AMOt'MTS    OP    LEAH. 

with  : 

f^  ctn.  lend. 

5  cirs. 

4  ctrs. 

3  ctis. 

2  ctrs.                 I  ctr. 

BJIver   present  in   the  a-oüay   is : 


Milligr. 


MillifT- 


Millisr. 


Milligr. 


Milligr. 


»filligr. 


0.50 

0.45 

0..39 

0.32 

0.25 

0.69 

0.47 

0.42 

0.36 

0.29 

0.22 

0.64 

0.44 

0.39 

Ü.;)3 

0.26 

0.20 

0.18 

0.40 

0.35 

0.29 

0.23 

0.18 

0..%2 

0.36 

0.30 

0.26 

0.20 

0.16 

0.46 

0.32 

0.26 

0.23 

0.17 

0.14 

0.39 

0.27 

0.22 

0-20 

0.15 

0.12 

0.36 

0.25 

0.20 

0.18 

0.13 

0.11 

0.32 

0.22 

0.18 

0.16 

0.12 

O.to 

0.29 

0.20 

0.16 

0.14 

o.to 

0.25 

0.17 

0.14 

0.12 

BTO. 

0.20 

0.15 

0.12 

0.10 

ETC. 

0.17 

0.13 

0.11 

0.15 

0.11 

.  0.10 

ETC. 

O.U 

0.10 

0.13 

0.09 

ETC. 

0.12 

0.08 

O.IO 

0.07 

• 

0.09 

0.06 

0.07 

0.05 

0.05 

0.04 

0.(>4 

O.M 

0.03 

O.OS 

=  0.33  milligr.,  and  the  true  amount  of  silver  in  tlie  ore  would  bi' 
53.45  +  0.33  =  53.78  per  cent. 

Wben  the  balance  will  only  indicate  0.1  milligr.  witli  difTicnUy,  it 
is  unnecessary  to  reckon  the  cupellation  loss  with  more  than  one 
di'cimal  figure,  reckoning,  however,  as  0.1  each  figure  in  the  second 
decimal  place  which  is  greater  than  5.* 


•  Beginnen,  lacking  the  necessary  practice,  «re  apt  to  cupel  too  hot,  nnd  mny  .«till 
(et  tno  low  ftTRlue,  even  after  reckoning  in  the  cuiwllation  loss,  a«  plrett  in  (Ik*  r-itilcn. 
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Xaturully  the  cnpcllation  loss  is  only  to  be  added  for  assart  thai 
do  not  $vrvv  us  u  comrol  on  commercial  assaya  of  ores;  inun-'ovor, 
in  blowpi|>i'  ut^iivA,  wln-re  the  silver  must  bi*  measured  on  tho  scale 
Ine  loss  is  not  rcckuiied  in.  becjiiise  the  propurtiou  of  silver  is  ät 
trifling  that  the  cupcllation  loss  U  often  less  than  the  error  that  may 
ocofiv  in  the  meHSureuieut  itself. 

Shonid  tlie  uniouut  of  silver  in  the  snbstance  to  be  assayed  bo  w 
small  that  it  oomcs  among  tho  lowest  lines  of  the  scale,  it  is  safer 
for  an  nnskillfnl  jwraou  t<>  Wfigh  out  seveml  centntTS  of  tlie  pri'imrwl 
a#>siiy  ixiwdcr,  charge  tht-m  each  wiih  the  necessary  amonnt  uf  l»ura\ 
and  test  lead,  fuse  the  invpured  luisiiy  according  to  the  mftliod  pr«^ 
viously  describo<l,and  then  ecoriTy  Ihu  pieces  of  üilver-luad  so  obtained 
by  twi>8,  or  threcR,  at  a  timi*,  down  to  small  bnttons.  These  small 
buttons,  in  which  the  amount  of  silver  \s  already  conviderably  c<m- 
centnitetl.  are  then  scorillrd  all  together  on  a  freth  cupel,  luid  the 
resnlting  button  is  cnpclb-d  fine. 

In  this  wuy  the  silver  Is  united  to  one  large  button,  the  weight  of 
which,  lus  given  on  tlie  scjile,  need  only  be  divided  by  the  number  of 
centnenn  weighed  out  to  find  the  amount  in  one  centner.  It  it 
assumed,  hnwevi^r,  in  such  a  concentration  assay,  that  the  test  leail 
is  quite  free  from  silver;  otherwise  the  umouitt  of  silver  in  the  qnan 
tity  used  must  be  determined  by  concentrating  an  e<]nal  amon 
cnpflling  it,  and  deducting  the  silver  found  from  the  result  pivvi 
obtained. 


lonnt^H 
iousty^l 


i.  Asmy  of  minrrah  cnnfat'ninff  compfmnrh  lehi'rh  cannot  bf  d* 
posed  by  fttsUm  with  borax-  ami  test  lead  alone  on  coal 

Molybdenite  is  sucU  a  mineral,  and  an  argentiferous  specimen  of 
this  fmm  the  Zwitter  of  the  AUenlterg  tin  nlockwerk  in  Saxony 
contained,  according  to  Plattner,  0.1T6V,  silver.  This  mineral  if 
neither  decomposed  nor  digsfdved  by  borax,  but  is  decomposed  Ven* 
easily  with  eRerre^cence  by  soda,  and  regard  must  be  had  to  this 
behavior  in  llie  fusion  of  the  a:?H:iy.  A  small  quantity  of  the  molyb- 
denite ii?  first  broken  up  as  much  as  possible  in  tlie  steel  mortar,  or 


In  order  to  k-flm  by  pnictico  the  tcinjicTiititpe  to  be  nw<t  in  cLipelling.  pArticulaj'I/ia  ihf 
fine-C(i|K-1intion,  an  arciiratrlv  wi-igli«!  button  uf  pun:  8il»iT  is  rii.*cd  with  fivectr».  of 
hut  Uidt.  uciiKt  a  cover  of  liornx<|j:lttM  in  tbe  R.  F..  and  «ficr  ca[icllln^  tbe  bllrcr-loui 
thai  f-mucd  the  pure  silver  Imlton  li  wriglied  ■{•«in.  If  thr  lo»«  w  frnsirr  ihnn  llut 
g[iven  in  lUc  labto  for  a  biuton  of  this  weishi,  it  ha»  been  cni»clle.l  t<»o  bot,  ftforliM 
there  tiitn  Itoen  no  mcchitntciil  \o%s ;  if  it  \»  nut  |;re«ler,  the  pro}icr  t>cBt  wei  i 
Gunrrally  tb«  gn-»ti.'«t  loss  occurs  in  the  fine-capclUtion. 
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Dotween  pftpor,  if  it  cannot  be  palverized  in  the  ngiitc  mortar,  ana 
tlien  1  dr.  is  wciglied  out  and  -nixed  with  1^  ctrs.  sodu, 

li  "  borax -{jtliifi-s  and 
5  "  U'»L  Ifiul. 
This  charge  U  wrapped  up  aMd  fused  like  any  other  assay.  The 
ntolyhdcoitc  is  decomposed  by  the  »^da,  iU  sulphur  combining  with 
tlie  rudicnl  of  llie  sod»  to  form  siilphidL-  of  ^dium»  while  thi.'  UIkt- 
strd  molybdenum  jmrtly  comhinos  uitli  the  test  lead  and  jurllv 
volatilizes,  coating  tlie  coal  white.  When  the  slug  flt)W8  ijuietly,  and 
there  are  no  more  scides  of  molybdenite  to  be  seen,  the  lead  button, 
which  generally  lies  under  the  slag,  is  caused  to  come  out  by  inclin- 
ing the  coal  or  crncilde,  and  is  treated  wilh  tlie  0.  F.,  until  uH  the 
molybtlenuni,  which  forms  an  almost  white  and  somewhat  brittle 
alloy  with  the  lead,  is  volatilized,  and  tlicn  the  assay  is  allowed  to 
cooi.  The  addition  of  borax  is  necessary  to  jtreveut  the  sulphide  of 
«odium  from  spreading  over  the  coal.  The  lead  ia  cupelled  as  before 
described. 

c  Ä$say  of  metallurgiedl  products  whidi  coiaiH  of  metaUir.  oxide» 
and  are  eaftlt/  reduced  on  coaL 

Litharge  ond  abstrich  belong  here.  When  resulting  from  the 
smelting  of  argentiferous  lend  ores  they  always  contain  silver,  even 
though  in  very  small  quantities,  jmibably  pivsent  as  oxide.  They 
arc,  however,  genenilly  so  poor  iu  silver  that  Iho  »mount  cannot 
always  be  esactly  determined  from  one  blo»'])ipe  assay  centner;  but 
as  they  mostly  consist  of  oxide  of  lead  alone,  which  is  very  easily 
reduced,  a  large  quantity  can  be  taken,  and  the  determination  of  the 
«ker  is  free  from  diHiculty. 

Five  ctra.  of  each  of  these  prodncts  is  weighed  out  iu  the  form  of 
{Kiwder.  mixed  with  an  even  spoonful  of  »nla  and  the  same  amount 
of  ttorax-glass,  and  the  cliarge,  wrapiwd  in  eoda-pupur,  is  tiiiated 
in  a  cavity  in  good  charcoal,  or  in  a  properly  cut  coal  crucible, 
with  the  R.  P.,  until  all  the  oxide  is  reduced  and  the  slag  lies 
beside  it,  as  a  spherical  bead,  free  from  lead  globulus.  Towui-d  the 
end,  however,  the  flame  mtist  be  directed  rather  on  the  slag  than 
on  the  reduced  lead,  otherwise  a  violent  movement  of  the  lead 
would  ensue,  with  a  possible  loss  of  silver. 

The  lead  reduced  from  litharge  sometimes  contains  traces  of 
itop|ior,  but  is  generally  free  ft-om  volatile  metals,  while  that  from 
abstrich  often  contains,  liesides  a  little  copper,  B»mic  antimony, 
ic,  ainc,  etc.    These  ingrediei  ta  separate  when,  after  ending 
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the  Aieion,  tlie  elug  ulouc,  hy  the  side  of  tlic  IcHtl,  i$  Uruted  with 
the  B.  F.    The  siIvlt-U'iuI  is  ciiihIUhI  as  iii  auy  uthcr  ussay. 


B>  MeUlUo  Compound«. 
a.  In  which  the  »tlcer  i«  n  chief  imjredienL 

Here  are  to  he  chisstd :   nti/it*e  «Vixr,  brii/htfuet?,  iWHen/,  re^u 
reiorif  ii\u\Jt'tt*eUers*  «ih'er,  and  aether  cotwt» 

No  ivgiiliir  fiiman  of  t}u>  BiihiiliiDLvs  is  rifCi'^iuiTT  but.  tlu>y  vniist 
meltoil  tntretluT  with  l^sl  k-ad,  in  order  l»  äcpunitc-  liy  eii|M*ll:itiu| 
rogL'Mior  with  the  h'ud.  the  niRily  oxidizuhUf  nu'taljt  lliut  urv  mix« 
with  Lht!  tiilvi'r.  A^  these  gnhsljinces  cannot,  be  n'mllly  piilverixed,! 
is  uuiitKT&«jiry  lu  weigli  uut  exactly  lUO  milhgr.  lor  iiu  inj^ty,  bull 
piece  run  be  fliiselli-d  or  broken  oft*,  wliich  netgh»  fruiu  HU-1(1 
inilti^^n-.,  but  not  more.  If  the  surface  is  uot  clean,  »r  rmi.i  1.,-  nm 
80  by  iiling,  before  breiikiug  it  up. 

The  clean  fntgment  is  ucc-urutely  weiglied,  placed  m  u  lu-le  mn 
in  churoual  with  Ilie  hi>i'er,  Fig.  -iCt,  or  in  n  eojil  erneibh-,  und  ixiver 
with  one  ctr.  test  lend  and  lialf  5  spoonful  of  humx-gltbu,  if  it , 
native  silver,  brightened,  cement,  or  Hue  silver ;  but  if  iL  U  u  niprii 
cfuns  retort  or  refined  silver,  or  other  silver  iilhiyed  wjlh  Otippfl^ 
it  rauat  be  mixed,  according  to  tlie  pro)>ortiün  of  copper,  with  trti 
to  five  cir>>.  lead  und  half  a  8]irx>nftil  of  Ixirnx-gliis*.  The  fusion 
made  with  the  U.  K..  and  the  test  lead  soon  uniU>s  with  the  metnllt^ 
compound  and  ni^piires  a  rotary  motion.  The  union  of  the«epnm|| 
metals  may  be  cH)i]sidered  perfect  when  thia  has  la«lvd  a  fe^ 
moments;  the  blnst  ia  stopped,  the  whole  »llowi-d  to  rool,  tb 
fused  n»siiy  raised  from  the  coal,  «ml  the  hurux-glass  giparaied  it« 
carefully  a«  possible  from  the  lead  with  a  few  etrokeä  of  the  haninici; 
Although  the  lead  can  be  caaily  combined  with  silver,  cop[H*r.  i 
many  other  nietuls  by  th<'  blowpi]K.'  tlame  ou  coal  wiihuui  uddii 
hor»x-gla»),  »omc  of  it  ivadily  oxidizes  when  it  aequiiVM  a  roia 
motion,  aud  the  oxide  formed  iK-iiig  iinmi-diately  reduced  ng»in 
coming  into  contact  with  the  coal,  produces  such  a  violent  cod 
motion  in  the  tluid  uietaU  thai  spattering  may  easily  occur, 
however,  a  little  bomx-glass  ia  added  and  treateil  nuinter^lptl'd^ 
with  the  11.  F.,  the  lead  fns4'B  riu^ily  with  the  metallic  compiuiud 
and  assumes  the  rot^iry  motion  with<uit  the  wcnrrcncc  of  the  ev| 
nienfiont  d. 

The  silver-lead  is  cupelled  lu)  before  deäcrihod.  Conipouuda  nbid 
have  been  fuswl  with  but  one  ctr.  of  lead  cjin  Iw  anbjectoti  »t  one 
III  tlue*cupe]lation»  but  this  is  less  to  be  renommfnded  with  a  grcalf 
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•mount  of  load,  and  at  all  events  only  for  a  practiced  person.  In 
this  case  tla-  oxidizing  lend  button,  neii  In  silver,  is  cuiiäed  tu  niovf 
away  from  the  litlmrge  to  a  free  spot  üu  the  bone-iish,  by  slightly 
iQcliniug  the  fupt-I.  and  is  hon?  cupelled  to  fine  silver  without  letting 
it  come  in  cont^ict  with  the  henped  up  lithnr^e.  Should  the  metul- 
lic  compound  contain  sweral  per  c^ut,  of  eopiK-r,  oppurttiriity  for 
oxidjitioii  mirst  be  alTorded  to  thit;  metal  lui  much  as  pos«iblo  during 
the  scoritlcation.  bo  that  in  the  fiiie-onjiellatioQ  tht*  rest  or  the  cop- 
[>cr  may  he  sopunited  by  adding  ouly  one  ctr.  of  test  lea^l,  accordiug 
to  p.  410. 

When,  therefore,  a  rich  lead,  containing  a  considentble  quantity 
of  copper,  is  to  Iw  treated,  the  oxidi/ing  tend  muät  nut  Ito  surrounded 
by  too  much  litharge  in  the  scorificittiou,  hut  the  cupel  must  be  con- 
ijtuntly  held  in  a  somewhat  inclined  position,  so  that  the  surface  uf 
the  lead  may  be  as  free  as  possible  and  the  copper  may  have  «uffi- 
ctent  op|N>rtunity  to  oxidize  also.  The  silver  button  ig  removotl 
from  !lu'  ctipel  witii  tlie  pli'*rs.  Fig.  30,  and  then  fix'ed  from  the 
mUiercRt  fragmeul«  of  the  cui>el  by  holding  it  firmly  and  pressing  <t 
upon  the  anvil,  or  it  is  held  edgewise  on  the  anvil  with  the  small 
forcvpsaiid  struck  a  few  light  blows  with  the  jiamnu-r,  Asaln-ady 
remarked,  one  hundnnl  milligr.  of  ihe^w  uittallic  rompuund"  will  Iv 
rarely  weighed  out,  and  tlie  silver  obtniiied  must  be  reckoiieU  for  out* 
ctr.,  with  due  regard  to  the  cupellation  loss.  Wlu-n  the  ciimjHttind 
eitnuiiiis  g«>iu,  the  amount  of  this  i?  determined  by  the  pi*oc'ess  given, 
under  the  gold  assay,  and  deducteil  from  the  weight  of  the  silrer. 

Ä.  Asfat/  of  metallic  compounds  in  which  c^per  or  tticlel/onns  rht 
chiefs  and  »ilvf.r  onltf  a  minor  ingredient. 

Here  are  to  Ije  reckoned:  hlttck  roppp.r,  raw  copper,  rrfinetl  copper ; 
alfto,  argentiferon»  copper  coinx,  under  which  head  must  of  the  small 
silver  coins  may  be  included  (in  Germany),  branst  German  ttiicer, 
etc; 

A  small  quantity  must  be  prepared  from  a  clean  surface  of  the 
snbfltancc,  by  beating  it  out  and  catting  it  with  the  scissors,  or  hy 
filing,  so  that  an  assay  may  he  easily  weighed  out.  In  ih.e  ease  of 
black  CMp|H'r.  raw  copper^  refined  coj)per,  argentiFeroiis  copper  Cüins, 
artd  Gcrniiin  silver,  one  ctr.  is  cliarged  with  twenty  ctrs.  t^-st  lead,  or, 
to  avoid  BO  large  a  volume,  one-half  ctr.  of  the  compound  with 

10  ctrs.  test  lead  and 
}  ctr.,  or  one  even  siioonful.  of  borax  glass. 

This  is  well  mixed  in  the  mixing  capsule,  wrapped  in  soda  pnper, 
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»nd  fused  ill  tbr»  R.  F.  as  alrxfuly  described.  The  lead  witb  the  com- 
hiitH]  mirtnllic  comiiouuu  mast  remain  for  ?omc>  time  in  rounr 
molioo»  until  no  more  of  the  metollio  partiolesr  which  at  first 
generally  flout  npon  the  lead,  can  ho  Been.  If  tht*  fusion  wpfi« 
hruken  otf  ourlier,  those  portions  of  the  nu-tallic  eoniptiund  not  yet 
thoroughly  combined  wirli  the  leail  wonid  pass  in  part  menhanically 
into  the  litliarj^u  during  the  snbäeqnent  cnpelUtiun.  During  the 
fusion  any  cubult  and  iron,  sometimes  pretienL  in  Gi;rmAU  silver,  are 
oxidizi-d  und  dii>sotYcd  in  the  horux-gloss  but  the  xine,  vhich  is  u 
chief  ingredient  of  Gernmn  silver,  ia  volatiUKed.  TU«  leutl  after 
cooling  ia  eepamt^d  from  the  s\ag  on  the  unvil  nnd  eopelled  a^ 
hefore.  but  ilie  button  of  silver  obtained  by  the  fini-cnjiidlntinii 
^•uerally  spreads  out,  oMing  to  the  pn-seuce  of  copper,  and  it  must 
be  subjected  to  a  serond  refining  cnpellation  on  the  «ume  cnpel,  with 
'One-qnartor  to  oiie-buU'  ctr.  of  melted  ti'St  U'ud,nBdirecl/'dou  j».  410. 
go  that  the  button  may  huve  a  proper  diameter  for  the  dHterminntioii 
•of  the  silver  on  the  eculc.  The  weight  of  the  silver  hntton  ninsl 
Sieoe&sarily  be  donhled  if  only  one-half  ctr.  of  the  substance  wm 
tftkt'H  fur  thf  assay,  and  in  order  to  l>e  safe  with  sncli  itii  u.>y«iv,  Iwo 
portions  of  one-hulf  ctr.  each  may  be  weighed  out,  and  the  ar^gen- 
liferous  lead  buttons  obtained  by  tbe  scorification  unit«!  in  the 
ßne-cnpellatinn. 
To  aesuy  hraäs  for  silver,  1  ctr,  is  churged  with 
10  ctrs.  test  lead  and 
1  heaped  spoonful  of  borax-glass. 

The  charge,  wrapped  in  soda-paper,  ie  treated  as  before  in  the  R  P, 
nntil  the  lead  has  united  with  the  metal  to  l^e  assayed,  and  has  been 
in  rotary  motion  with  it  for  some  time,  while  the  borax-glusä  ia  free 
from  lead  globnles;  after  which  the  flame  is  allowed  to  act  only  on 
the  borax,  and  the  xinc  not  yet  volatilized  in  the  fusion  wiih  tin* 
lead  is  thus  completely  removed.  AVhen  the  lead  shows  a  dwiu 
»urfuee  it  in  heated  rather  strongly  fur  a  few  moments,  and  (»onn^ 
out  on  the  anvil  if  the  fusion  was  performed  on  an  ordinary  piece 
of  coal,  or  allowi^I  to  cool  slowly  with  the  borax-glass  if  in  o  coal 
cnicihle.  The  cupriferous  load  is  cupelled  just  like  that  obtained 
from  the  foregoing  metallic  compounds  rich  in  copper. 

c.  Assay  of  metallÜ!  oompound«  in  which  lead  or  bismuth  j>  a  chief 

ingredient. 

Here  belong  the  argeuftferoit»  iead  and  bi*muiJi,  obtained  on  * 
large  scale;  the  mineral  ch\Unit4!  from  Chili  may  also  be  mentioned 
here. 
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A  email  piece  of  the  nrgeulifi'roiiB  lead  is  ht'aten  out,  rut.  up  with 
the  ec'isBurs,  and  from  twu  to  live,  or  even  ten  ct-iituers  wi-i^hid  out, 
according  to  the  amoant  of  silver  expected.  For  th«  Aukc  of  di^piitoh 
a  certuiu  quuutity  is  weighed  out  accurately,  und  then  the  nmoiint 
of  silver  is  calculated  for  one  ctr  It  is  only  iidviäiible  tu  be^i«  ut 
uace  with  the  cupelluliun  in  ciise  uf  quite  pure  lend;  g<&neral)y  ii  is 
better  to  fuse  the  ueiglu-d  jiurtion  in  un  excuvutcd  cual  or  a  oual 
crucililc,  aud  to  treat  it  for  u  8lu>rt  time  with  the  0.  F.  With  lead 
contiiining  much  copiier  re^rd  must  he  had  to  the  reinurlu  ou 
p.  4Ui,  about  the  complete  Reparation  of  the  copiK-r  in  tlie  fiue- 
cnpelltttioD. 

As  bismuth  U  brittle,  u  quantity  gulHcient  fur  «evoral  lusuys  is 
broken  off  with  the  hammer  on  the  nnril  and  made  as  titm  ati  pos- 
sible. Then  a  veighed  portitm,  of  about  five  ctr«»  is  fu^cd  itk  an 
excavated  coal  witli  borax-glass  for  some  time  in  the  0.  F.,  und  the 
tiuid  metallic  button  pourc«.!  out  upon  the  anvil,  which  will  not  causo 
tho  slightest  loss  if  curefully  done.  The  button  is  then  subjected  tu 
the  Bcoritlcatioiij  like  argentiferous  lead.  In  si^parating  iiie  oxide  of 
bismuth  thus  formt-d  from  the  arg'^ntiferous  bismuth  button,  which 
is  U>  be  sithject^  to  the  fiue^cupellation,  great  care  must  hu  taken  to 
lose  no  fragment«,  since  the  bismuth  is  brittle.  The  button  sliould 
never  \te  Uht'd  out  of  the  oxide,  hut  tin?  latter  mu.st  be  gradually 
removed  from  it  with  the  pliers,  Fig.  30.  Argentiferous  bismuth 
never  yields  a  silver  button  with  a  bright  surface,  aud  it  is  tlit-refore 
neccaaary  to  fuse  the  button  obtaintHl  from  the  seorilication  with  a 
pieoe  of  teat  lead  weighing  thirty  to  forty  milligr,  and  theu  proceed 
with  the  6ne-cupellation. 


d.  Auny  of  substances  in  which  teUurium,  atitimmiy,  or  tine  form» 
a  eh  ief  ingredient 

.  Here  belong  fifuftife  and  fiifsrrn^i/e,  which  oooar  in  nature,  and 

argoHtiferous  nniimoHtj  and  zinc. 
One  centner  of  the  »ubstnnrx^  is  fused  on  coal  or  in  a  coal  crucible 
with  6ve  ctrs.  of  test  lead,  under  bnrax-glaas,  with  the  R.  F.,  and  an 
opportunity  is  given  to  the  metals  in  combination  with  the  silver  to 
volatilise  by  afterward  treating  the  metallic  button,  rich  in  lead, 
with  the  0.  F.  alonn.  Zinc  volatilizes  rather  easily;  so  does  anti- 
mony, although  it  is  somewhat  difficult  to  remove  the  lost  portions; 
but  tellurium  can  only  be  iJartially  volatilized,  aud  must  therefore  he 
separated  thruugh  oxidation  by  cupelling  it  with  a  large  amount  of 
lead.     When  the  antimony  and  zinc  seem  to  be  volatiliiced  the  blast 
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id  stopped,  the  silrpr-lcnd  si'paratpd  from  fhc  slaj?«  ulter  tlie 
cools,  and  the  cupcllutiun  is  hi-guii.  Wlu-n  the  lead  is  five  frui; 
rulatile  metals  in  question,  it  can  be  at  once  cupelled  in  two  perixd». 
Imt  olhtTwist',  OS  in  easf  of  nalivt?  telluridu  uf  silver  and  uilu-r 
metallic  coiuiwonds  of  silver  eoittaiiiiug  lellnriura,  the  acorifleMlinti 
rouäL  he  re{)eated,  witli  fix'sh  quantities  of  lend  (five  ctr&  encb  time^ 
BO  long  OS  the  re«;u1ting  silver  bulton,  containing  lead,  cools  with  a 
dark  colored  surface,  before  proceeding  to  the  lino-cupellation.  Fniallv 
if  after  the  fine-cupcllation  the  silver  bntton  fiolidities  with  a  ri'ttcn- 
luted,  dull,  grayish-vbite  surface,  this  indicates  that  traves  of  tvl- 
lurium  are  still  presents  Another  centner  of  test  lead  must  l>e  a^ld.^J 
and  the  fine-cupeltation  repeated.  One  centner  of  pure  tellurldo  uf 
silver  requires  nearly  twenty  centners  of  test  lead,  and  with  atwnt 
62.7  •/•  of  silver  suffers  a  cnpellation  loss  of  nearly  1^  milHgr.  silvcn 
so  that  only  about  61v»of  silver  can  be  actually  obtained. 

$r  Assay  of  metalUr.  compounds  in  which  tin  fonns  a  chiefs  or  only 
a  sec&mtary  ingredieni. 

In  this  class  belong  argenU/ei'ous  tin,  htll  and  gtm  mefai  and 
several  other  alloys  containing  tin,  which  are  employt'd  in  the  art«. 

The  substance  is  cut  up.  ur  finely  divided  iu  some  wuy^  and  vnv 
centner  weighed  out  and  mixed  in  the  mixing  capsule  with 

5  to  15  ctrs.  test  lead,  according  to  the  amount  of 
copper  present, 
50  milligr.  soda,  and 
50      "       borax-glass. 

The  mixture,  wrapped  in  sodjv-pap(!r,  is  treated  on  coal  or  in  a  coal 
crucible,  with  a  strung  li.  F.,  until  the  tin  or  metallic  comiuuind  i-* 
fused  to  a  globule  with  the  lead,  and  Ibe  Boda,  which  prevents  the 
ea«y  oxidation  of  tht>  tin,  is  melted  to  a  glass  with  the  honix.  Tlif 
nit'tfil  alone  i.>i  thr-n  touched  with  the  blowpipe  flume,  for  which  pnr- 
jiose  the  blue  äaine  is  best  suited,  but  only  so  tliat  the  very  easiU 
oxidizable  tin  may  oxidize  slowly,  while  the  oxide  is  taken  np  by  ttn- 
fluid  glasit.  When  globules  of  reduced  tin  appear  on  the  bonJi-r 
uf  the  slag  the  blast  is  stopped  and  the  assay  allowetl  to  cool,  aftor 
which  the  lead,  still  containing  tin,  is  treated  on  another  coal  with 
a  spoonful  of  borax-glass  in  the  O.  F.,  in  the  same  way  as  before 
with  soda  and  borax,  nntil  the  lead  shows  a  bright  surface,  or  onf 
n«  longer  covered  with  oxide  of  tin.  It  is  then  cupelled  like  »nj 
other  argentiferous  lead  obtained  from  a  fnsion. 
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lUÜN   OK  BTEEL  THE  CHIEF  INGREDIENT. 

f,  Auay  0/  metailic  compounds  in  which  mercury  is  the  prevailiug 

ingredient. 

This  incIuili'R  mitive  and  artificial  gilver  amalgam  and  argentif- 
erous mercury. 

In  weighing  these  gubstancc-s  the  scale  paus,  if  of  silver  or  gilt, 
mUüt  for  woll  knowu  reasinis  bu  covcrctl  with  paper  and  ihc  balance 
then  adjusted,  after  which  cue  ctr.  of  the  cumpuuud  in  weighed  out 
tiud  put  iiitu  a  KUiull  glass  tube,  üfaled  at  une  t'lid  und  blown  into  a 
bulb, as  shown  in  Fig.  7^,}t.:Wi.  The  !ul>e  is  bdd  somewhat  inclini*d 
aud  vi-ry  grudually  heated  over  a  spirit  hnnp,  and  tlie  distillation 
cuntiuui'd  until  tlie  melal  remaining  bebind  has  Item  for  some  time 
III  u  ivd  heat  By  turning  tlie  tube  and  tupping  on  it,  when  it  is 
somewhat  cuoU;d,  all  the  tepamted  mercury  is  cullected  into  one 
drup  and  shaken  uut.  When  the  metallic  com|K)Uud  subjected  tu 
distillation  was  u  silver  umulgam,  the  silver  rcmaine  in  the  bulb  as  a 
single  {K>ruuS  gliilutlc,  which  can  be  eu!<ily  shaken  uut  if  the  }ii:at  wiis 
uot  li-Kj  liigl),  This  globule  is  fused  wiili  uui',  t>r  if  it  ujtpi'ars  to 
Dontniu  copiMT,  with  two  or  three  ctrs,  of  te«t  lead,  nndcr  a  cover  of 
bonut-glasä  in  the  B.  F.  on  coal,  and  the  re^ultiug  metallic  com- 
pound, rich  in  lead,  is  cupelled  in  the  usual  way. 

If  the  eumpound  distilled  was  only  an  argentiferous  mercury,« 
very  tritting  residue  ivnuiiu^,  which  atlheres  firmly  tu  the  glass  aud 
nituuot  be  shaken  ouL  The  hulb  uf  the  tube  nui.st  then  be  cur  off, 
BlUil  vith  a  mixture  of  une  ctr.  of  test  lead  and  h:ilf  n  spuouful  of 
soda,  placed  in  an  excavated  coab  or  a  coal  crucible,  and  the  lead 
melted  together  with  the  residue  of  silver  in  a  strong  R.  l'\  The 
reeuliing  metallic  com|iound  flows  uut  from  the  mtOiing  glass,  aud, 
after  cooliug,  can  easily  be  delaehed  from  the  coal  and  glass  and 
cupelled.  Several  centners  of  mercury  may  be  distilled  if  the  amount 
of  silver  is  suspected  to  be  very  smalL 

I/.  Aswy  of  melalliv- compounds  in  which  iron  or  steel  forms  Iheckief 

inyredient. 

H'-re  U'lonp,  Itesides  troit  and  steel,  the  iron  bears  mentioned  »n 
I«,  "i'il,  whitih  form  under  (Certain  circumstances  iu  smelting  argen- 
tiferous ores  and  products. 

Neither  iron  nor  steel  can  be  directly  united  with  lead  before  the 
blowpipe,  so  they  must  tirst  be  combined  wilb  sulphur,  and  then  th^^y 
will  yield  up  their  silver  to  the  lead  just  as  readily  as  an  argen- 
tiferous iron  pyritfs.  Hardene<l  steel  must  lirst  be  softened  hy  heal- 
ing, and  then, after  cleansing  its  «surface  from  the  resulting  magnetic 
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oxide  Ijy  filing,  the  quantity  necessiirv  for  an  assay  is  rednced  *o  a 
fine  gtute  by  bcuting  or  liliDg.  Irun  bmrs  being  more  ur  less  britÜr, 
can  often  be  easily  R-duccd  wader  llie  hutamer.  From  the  divid«! 
mctul,  vUich  may  remain  in  pieces  wrigbiiig  frDtn  twenty  to  Uiirtv 
miiiigr.,  one  ctr.  is  weighed  out,  and  mixed  with 

4  ctr.  powdered  Bulphur, 
8   «   test  lead,  and 
I  spoonful  iinnix-glass. 

Tbe  mixture  is  ponred  into  a  sodu-pupcr  cylinder  and  treated  on 
coal,  or  in  a  coal  crncibler  with  the  It  F^  until  eTer)-thing  is  fiiaiHl 
to  a  Huid  ball.  Tbe  Milphni*  first  conibiuea  with  tbe  ■■iieily  fti^ibW 
Icml,  and  the  iron,  aftur  i-ontiniied  blowing,  bc^ntt  (o  glow,  luLiu^ru 
part  of  Oie  sulpbur  from  the  lead  tu  saturate  itäelf,  and  c«>mbtnini! 
then  AS  proti>-i;ulpbide  of  ir<)n  with  the  Ifad,  which  »till  oiiitaiue 
sulphur,  tu  a  cjiiit«:  Huid  mn^^  wbieb  is  »nrnmiidcd  by  tbe  nu-ltevi 
honix.  A  single  spouulul  uf  bora\>glasi9  being  iiiüLinieienl  tu  fnkc 
uji  all  the  iron  which  must  be  oxidized  by  Uniting  the  as«)iy  with 
the  O.  F.  after  this  fusion,  another  heaped  spoonful  uf  tbe  llux  ii 
then  melted  together  with  the  al^-ady  fused  globule,  and  the  whole 
treared  with  a  powerfully  oxidizing  llume,  miiil  the  iiupun<  lead 
begins  to  separate  from  the  glass.  Tbe  coal  is  now  lield  so  that,  for 
the  nicist  jiart,  unly  the  lead  in  touched  by  tlie  outer  flanu*,  in  unler 
thiit  the  sulphur  may  puss  ofiTaud  their^in  be  oxidized  uud  dievoWetl 
iu  the  borax.  Alter  all  the  sniphnr  is  gone  and  the  iron  separated 
the  blast  is  stopped,  and  the  silver  Uad,  which  has  a  bright  »iirfikci-.  i* 
allowed  to  cool.  Jf  it  ts  of  a  white  color,  it  is  cupelled  us  uaUiiK  and 
the  weight  of  the  silrer  button  ascertained;  bat  if  it  is  black  and 
briitlis  it  must  be  exposed  t4>  a  s>.'Cond  oxidation  beforu  it  can  be 
cujielled. 

2.     THE  GOLD   ASSAY. 


Like  silver,  gold  can  be  separated  from  \iB  combinations  in  tbe  dry 
way,  uud  it  is  therefore  possible  to  ascertain  with  the  blowpipe  thie 
amount  of  gold  present  in  ores,  minerals,  and  metallut\  1 

artilicial  products.     In  this  method  gold  suffers  nn  eupelbi; 
since  it  cannot  ho.  oxidized. 

Gold,  however,  sehhmi  occurs  in  nature  without  containing  g.-nii 
«ilver  (vifh  p.  31S),  wliile  silver  or».-5  are  very  frequently  mure  or  I'» 
auriferous,  and  since  the  silver  cauuot  bo  sefiarated  fivm  the  gold  m 
tlie  dry  way,  the  separation  of  gold  iu  a  pure  state  is  »omewbat  more 
DompUcat<*d  than  that  uf  silver. 


ASSAY  OF  QOLD   AMD   AURIFEROUS  SIl.VKR   ORES. 
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"With  nFi-rence  to  the  quautitati%o  assay  for  gold  the  varioiiti 
mincRtlii,  ores,  aud  producU  may  be  divided  iatc>: 

A.  Gold  oren,  auriferou»  silver  on-s,  and  argeutiferouK  and  aurif- 

erous Jitetailurqical  products. 

B.  MctaUic  com}KtHtuU,  viz., 

a.  Sut'h  as  contiist  only  «f  gold  and  fdlver; 

ih.  Such  a^  contain,  bcäidcs  gold  and  silvi-r,  üthor  uietuls.  aa 

oopiKT,  platiiiuu),  iridium,  paUaüiuni,  aod  rliodium  ; 
c  Such  us  cunsist  of  gold  and  morciiry. 

IL   AiMiy    of  Oold    Ofm,  Auri(«rouH   Stiver   Orel,  and   AurifMoni   and 
Argentiferoua    MeUllurgicul    Producta. 

This  includco:  1.  Native  tellurium^  \ii\\\c\\  is  said  to  contain  0.äA 
to  tf.78  3:  gold,  hilt  no  silver,  ä.  All  thr;  niiiicrals  mfnlione<1  on 
pp.31S-iHli,  which  contain  silver  &&  \\A\  as  g(dd.  3.  Tht'  anriferotu 
iron  and  tvjtper  jhfriieH  occurring  in  variouo  places.  4,  lio/tateitt 
and  Iwfi  iiitift  ubttnm>d  frum  aurilerous  silvtT  ore».  5.  The  grind- 
ingd  am!  gold  sorapt»  df  ^'olil  and  silver  sniith^ 

In  the  case  of  gold  ores  proper,  containing  little  or  no  silver,  the 
qnniility  of  assay  powder  neccssury  for  several  assays  is  pit'parud. 
accoi*dinjj  to  p.  3Ö7,  and  au  uÄsay  made  frum  it  just  &8  in  tlu*  silvet 
assttV.  After  the  cDpL'lIaliuu,  the  culor  of  the  button  will  show 
whether  the  gold  is  pure  ur  contains  silver,  since  eveu  twu  per  cent, 
of  silver  is  snOieicnt  to  give  the  gokl  a  hrass-yellow  color.  If  the 
bntttin  liaä  a  pure  gold  ^'olur,  its  weighr  maybe  immediately  deter- 
mined un  the  bahiuce,  or  on  l^o  scale,  accoMuig  to  p.  HA,  et  aetj.  ; 
but  n  lighter  color  indicates  silver,  and  then  a  further  strparuTiun 
must  be  uOected,  tis  will  be  described  hereallur. 

Fri>m  the  other  substjtnces,  containing  more  silver  than  gold,  a 
quantity  of  assay  powder  butiieieut  for  ten  or  iifteen  assays  is  pre- 
pared, and  a  preiiminary  a^^siv  of  this  is  tlrst  made  for  silver.  From 
the  arootiitt  obtaiiitxl  a  calculation  is  made  of  the  number  of  assavti 
necessary  to  obtain  a  quantity  of  silver  so  great  that  the  gold  in 
it  may  be  (|uantitatively  determined.  If  it  is  a  substance  contain- 
ing only  abuut  0.11  pound  of  silver  in  a  buiidredwt;ight,  or  0.11  v«. 
and  in  which  hut  little  gold  is  suspected,  more  assay  jxiMder  must 
be  pn'pared  and  at  least  twenty-fuur  assays  weighed  out;  but.  if  it 
contains  more  silver,  perba]>s  as  high  as  0.28*/«,  ten  or  Qfteen 
lys  will  be  enough.  It  is  in  general  advisable  to  make  a^ 
ly  u»says  us  po.ssiblr,  with  a  substauce  poor  in  silver,  becaust 
the  pro|)orLiou  of  gold  to  silver  can  he  determined  quantitatively 
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only  ii)  a  portion  of  the  alloy  wliidi  is  large  euongh  to  be  weighe«] 
ou  Ilie  balancf.  IT  tin?  substant*«  iTonlains  »cveral  per  oent.  of  »ilTer^ 
(July  n  tlnoofold  or  fivefold  assay  is  made. 

The  sepai'ate  assays  are  charged  pr^cistly  ae  in  a  aiWer  assay,  wiri» 
borax  and  Ust  leiul ;  if  the  sobfilanct^  contains  copper,  the  qnantity 
of  U'ad  mu.-T  be  inrreaaed  iii  pruiKirtion  to  the  prububk*  aniouut  uf 
that  nietal  present.  Each  assay  is  fused  exactly  according  to  the 
iliroctions  giri^n  for  the  «Ivor  uesftj;  the  ßnocupi'llation  of  the  nw 
Ii-ad  fnini  each  assay,  however,  is  uot  performed  sepiimtely,  but  iD 
the  iiiuiiiier  now  to  be  di'8cribi>d. 

When  uU  the  assays  have  becu  fused,  and  tlie  lead  freed  from  eljtg 
und  hammered  into  cubes,  these  are  placed  two  or  three  at  a  time, 
if  rlitir  united  weight  d<M'«  not  exceed  liflwn  etrs.,  on  a  well-heate<J 
cupel»  and  th**  ecorilUation  U-gun  as  deBcribed  in  thu  ailveras^ay.  p. 
405.  After  thescorlficatiim  ho«  been  carried  aa  far  us  is  there  stated, 
it  is  stopped,  and  the  litliurire  and  tend  bntton  lifted  oil'  fn^m  the  bune- 
iish,  wiiich  18  not  yet  jx-rmeated  with  oxide,  and  set  aside,  while  a 
new  cupel  i&  made,  heated  well,  und  ani>tlier  scMriäealion  |>erfürmed 
with  two  or  three  more  pieces  of  raw  lead.  This  oi>erution  Is  per- 
formed on  nil  the  lead,  and  the  fi-snlting  buttons,  which  c<intnin  the 
<*t»noenlrated  silver  and  golil,  are  all  Jtlaced  on  u  fre^h,  well-healed 
cnpel.  and  the  couceutratiou  of  the  gold  and  silver  cuutmnmi  untiJ 
the  rich  lead  is  only  the  size  of  a  large  DniEJtard-:ieed.  This  hultou 
is  then  subjected  too  fine-enpellution  on  another  cupel.  When  ihf 
substtiuce  contains  a  great  deal  of  copper,  so  that  the  silver  is  nut 
pnre  after  the  brightening,  a  little  test  lead  is  added  und  the  button 
cupelleO  tine  on  a  fn-e  sjiot  of  the  cupel.  The  uariferou&  silver  but- 
ton obtained  is  accurately  weighed  and  then  (Kined  in  the  manner 
descril»ed  below,  under  metallic  compounds.  For  the  |Kirting  the 
auriferous  t^ilver  button  must  always  be  large  enough  to  weigh,  since 
its  true  weight  cannot  be  rtad  upon  the  scale  on  accouiil  of  the 
greftlor  specitic  gravity  of  the  gold. 

When  pure  pyrites,  or  very  pyritiferons  ores  containing  «Ivi-r,  «r 
metallurgical  products  consisting  ciiiefly  of  metallic  snlpbid*-*.  »r* 
to  be  as9iiyetl  for  gold,  another  methrHl  must  be  employetl  to  con  x*a- 
trute  th«  silver  und  gold  contaiued  in  IheüL  Should  the  finely- 
powdered  ore  or  product  ountain  not  h-ss  than  al>oiit  O.ll '•■'•of  sdvH-, 
tweuly-four  to  thirty-j;ix  ctrs-,  accf*iiling  to  the  riehm^sd,  are  weight«! 
lint  in  jtoriions  of  three  etrs.  emih,  und  tlie  8e{>arate  [»onions  put 
into  a  clay  capjtule.  p.  y3,  which  has  been  paintrd  with  ivddle.  and 
nwisted  without  the  addition  of  any  oarbunifcnms  sulMtancer  as  m 
llkc  quantitative  copjKr  assay.     When  no  more  fume«  of  «ulplinroiH 
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ucid  can  be  emcllcU,  the  rotisti-d  t^tufT  is  rubbt^U  in  u  nmrlur  itiiö 
ii^ain  ignitud  in  the  ciipätilc,  iiotil  no  eignti  of  any  cäcupiiig  i^iil* 
phtirouB  acid  can  be  uoticed.  This  is  doue  with  all  tho  wi-igliid  jwr- 
tioua.  The  ruu£ting  can  be  pprformi'd  in  a  very  shurl  lime  if  one  if 
pruvidcd  wiih  a  ^is  lamp»  or  ii  spiriManip  with  tluublo  drnught. — wn 
it  is  then  only  net^esary  tu  lieat  tUo  whoW  weiglicd  ipiuutity  ul'  oi'e 
at  onco  to  a  low,  red  lu^t,  in  u  thin,  flat  pni'ccluin  dish«  nver  the 
hinip,  with  occoae  of  air,  stirring  it  from  timu  iu  time*  with  tht>  inm 
5patuU,  ]».  40.  and  keeping  it  in  a  glowing  state,  nutil  the  smell  of 
eulphuruus  acid  ia  uu  longer  pcrci-ptiblc. 

After  tit«  wbofe  twenty-funr  or  thirty-six  ctr».  are  roasted,  the  ore, 

or  pivnlnnt,  ii»  pnt  in  a  jioivrhiin  ve6g4*l,  p.  43,  corr'.')?]»on(ling  to  the 

•|iiantity  of  the  subulunce  uiul  enuiigh  hydrucliloric  acitl  added  (o 

tliäüolve  the  ujEides  mentioned  below.     The  pura^lain  vessel,  covered 

with  a  wut<rhgliL»«,  is  6ft  upon  a  wiru  frame  «trütclu^d  aver  a  Imus 

ring,  above  the  fit^bk-  lunip-tlame.  und  the  solution  i^  bvgun  with  the 

Luid  of  heat    SeMpiinxide  of  iron,  oxide  and  sniphiite  of  cuppt-r,  and 

[Uie  simuUaneonsly  forming  c.hloridf  of  silver,  are  di^isolved.    The 

[güld  remains  in   the  metallic  state  if  the  roastvd  ore  U  free  fmni 

rmetallio  o^^ides  which  dissolve  in  hydrochloric  ucid  with  evolution 

[of  chlorine,  bnt  if  it  contains  snch  oxides,  for  instance.  pnittj'Se»* 

Lqnioxide   of  manganese,   the    gold   also   goes  into  Holntiun.     Any 

t-arthy  admixtures  not  soluble  in  hydrochloric  acid,  likewise  remain 

[behind.     After  complete  golution  of  the  äoluhle  portions,  the  whole 

lis  evujiorated   to   dryness,  pn-ftirably   on    the  water-bath,  and    thv 

'r^-roaining  mass  is  warmed  with  enough  water  to  sepumte  the  s(d;i- 

i  ble  chlorides  from  the  now  insoluble  ohlorlde  of  silver  luid  the  other 

insoluble  portions.    The  whole  is  then  treated  with  a  solntion  of 

eiilphate  of  iron,  to  piecipitate  the  gold  in  ^Ititiun,  stirred,  and 

nlloWfd  to  settle.     When  the  liijuld  is  clear  it  is  filtered,  the  pn-eipi- 

Itste  and  residne  washed  with  water,  and  dried  on   Iho  filter  in  n 

porc^'lain  dii^h  over  the  lamp-llame,  without  unfolding  iL     The  dry 

[filter  i»  then  unfolded,  tivc  ctra.  test  lead  und  u  B{>oonfut  of  boras- 

caieftilly  mixed  with  the  powder  npon  it,  and  the  liller  folded 

again,     .\fter  which,  the  upper  part  is  cut  oü',  if  none  of  the  churgc 

I  has  touched  it,  while  the  lower  pmt  with  the  charge  is  wrapped 

tightly  together  and  placed  in  an  excavated  conl,  or  a  coal  cruoilde- 

I  The  jMiper  is  lirst  charred  iiml  mostly  deslroyed  by  a  gentle  0-  F., 

[and  the  whole  is  then  fused  with  a  gaud  K.  F.    The  test  lead  decoiu- 

;  {Kises  the  chlui'ide  of  silver,  and  the  silver  and  gold  unite  with  tlir 

[lead,  while  any  earthy  matters  present  are  dissolved  by  the  lK>m\. 

The  row  lead  is  then  cujielled  in  two  operations,  as  in  the  ailvor 
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aesiiVf  and  the  nitriforuns  silver  button  furtlmr  treutttlt  U  will  U 
iic-rL-afiLT  dL'Stfribitl  iti  the  parting  of  gold  aud.  silver. 

If  pfrite«  or  tutttt-Ukc  jinKltKU  cuiilaining  slill  toM  üuw  0.1I  V*  of  «Wer  «re  lo  U 

usuycil  Tur  ^u\<\,  a  lur;,'cr  i|UAiiiify  inu?t  tie  inkvii,  iimt  t\w  «tiürc  ibceIumj  woiiM  tbcn  t« 
ruilivr  riiiliitu«.  'Dir  ana  uf  ulliuf  aii|ut.ra(U»  uDtt  cciiitHrnltüva  U  nvurmiiL-ttiUvI  in  »ucb 
rMW",  thv  liU>wi4[H'  Ma-^  kU>  u»cä  witb  ftdvuibk{;c  buiv,  m  will  bo  useu  tVuin  Uic  C)l- 

In  one  nicllio«llitiv  to  tn-ohuDdlTdgTTO».ot'liiofiuclj-|K(Wilert^tüliiUtti.v«rcwct:hnl 
9ut  an  A  in-  >li*li<MU>  iHitancc.  «iiil  n><i»ietl  on  »  jii'mv  of  «iK-vt-imn,  which  Itiu  ii>  cil(^ 
:umiil  ii|iuii<)  li'iB  brvii  tjrti»)icd  t/vcr  witli  n  H'W  vuur»  ur  niv-vlny  And  wuUTniiil  ihfB 
tlriuil.  Tlii>i9>  ticitlMluvurachujvunl  ur  »»Xc  lire  iti  «  »ituill  |>ortnbk- lUrutu'c uod  utiJrra 
fliiiiitii:v  with  II  :;utKl  ilrnuglir.*  The  mabtiiie  »ub*tiu)cc  u  rtlnvO  with  a.d  iran  >iiA[uta. 
until,  with  a  rnilicr  airoii;;  red  brat,  no  more  sulphurous  acid  can  be  hikIIriI,  bHiI  »tn» 
cool  it  i«  nit>lN.'it  in  Rti  ima  tnortar.  after  which  it  ia  iifBin  if;DiuU  uq  the  »hcci-inio, 
until  luit  tl>f  lcn»l  -tmvU  of  nnlphiitvine  arid  rnn  his  pcm-iv-cil.  Aficr  coolin;:  it  is 
llWjiitL-ni-iI  with  uatiT  III  K  |)orri-]itili  iliAh,  (ml  juxt  t^naiiuh  lu  travo  It  in  p  »till  louae, 
|<on)U)i^  j^tnw,  ill  wtiioh  it  run  l«.-»t  li'  treat«'!  with  clüoriiie.  LT  the  ruiMtiiig- wai  thunnai'h. 
t\\K  uu'it,  whit!h  is  )>roM;iit  in  iIr;  uii'tatlii.'  »tiitc,  tun  be  coiiverlrd  lutu  clilom)'-  mitl 
eximrtpil  w*  »nrh  hy  in'*h  chloriiii-  wntcr.  In*  (mm  Iiydrorhlorie  acid ;  hui  il  ^i«il 
qunntiti«-  of  im*iiillic  8iil|ilii:Ii=.*  liinl  Ki-rMiiiiluo  nru  mill  |ir«>Mtnt,  tlio  ihluriiiv  i«  liest  n^ 
in  till-  t:n»i'uu»  »tnte,  ulwj^n^  lliu  fullowing  cuiidititm»,  which  Mcurv  the  ijcilm  cxtno' 
liuii  "f  iho  ifiAA  ; 

1.  The  fii'Mmiicc  ly  Iw  tniitcil  mu«  I«  a*  free  a*  po^wilile  fmtii  MK-tiUli«  iiMii,  a>.  for 
inntaitpv.  fm;:ini'iitH  iti'  •>t(iiii]t  hemic,  wliii'h  cmt  ciif>ily  Ik  iliii;rniiiiiM]  with  a  nu^it; 
any  ft-nirmvnt*  finnul  muxi  U-  rctiii»v«|- 

2.  The  cmvfiil  nmalintf  uf  the  Kncly-diviilti]  enlwtiinec  f»  ]ilV4it|ipOfci|,  )o  lluu  lb«* 
tuny  i»  lt^  tl>w  iitidu<.ioni|H>iie(]  nietalltc-  »ulphiile»  niid  tit>ciiidn  ai  ptu»ihlc. 

3.  Tho  chlüriit«  ^»•^  intrudimil  into  tlie  iiiuist  n^ttcted  »ubbtaiicc  must  br  tVou  fhmi 
hydrm-hloric  ai'id.  which  not  only  eanly  dliwth^-»  nil  mctnltk-  oxide»  (ircwni.  hut  bImi, 
in  jHV*ence  nf  •ulidiid»?  of  irun.  itr ..  fvolvps  «Hlphun-tled  hydniRiTn,  and  thl»  butli  dwwm- 
poM*«  the  chloridi'  uf  :^>ld  »Itvady  lunu^>d,  pni'i|niulitii;  thv  inJ\A  n»  ^al)ihidc,  himI  »Im 
ubMtilnt  ih>-  ihlurifii!  ilM.-lf,  >u  ihiit  Itui  little  X}i\il  cuu  lie  extrntU'd.  Tliu  fi»s  U  ibrrrlorv 
fiiM  fro>.'«l  from  nil  hyilKK-hlorie  a<.-id  an^a,  anil  the  exlinu'tion  uf  the  j^old  U  perfonmtl  in 
the  lullowiii;:  way. 

Ill  :ho  ):\n)>*  (-yllnfkr  A,  V\g.  61,  which  U  alnut  twu  hutiilrpd  to  two  hfindrvd  aiid 
trfty  millim.  hi^'h  nnd  «^xty  iiiilliin.  wide,  with  a  ni'ck  L'i;>hla'n  tn  Iwcntr  mitlim.  wiilr 
iiri  the  ?idc  iiuir  the  lultoui,  i»  jdoeetl  a  hiyer  uf  viiuill  )iiu-<^  of  i|tinns,  rcaehini:  atow 
the  iitfcl,;  chuve  tlii-^  i^  »trewn  a  layurof  euiirM>  <|iianx  und  and  llu-u  a  InytT  uf  nnt 
Miiid.  lüniiiti;*  0  filler.  The  moist  n>n>'t(^i  ntv  U  Iiitd  a«  lotiM^ly  a*  |)u«£iblc  uti  ihi^-,  aud 
ihr'  lop  nf  tV»'  rylinder  rhiMil  with  a  i^anntrhouc  cap,  tn  wlilih  i*  Hk<.<i|  u  iiibc  iliai  dl|a 
iiilu  ibo  cyliTidiT  fJ,  w  litirc  lliera  arv  »^huvin^  ur  a  mil  uf  etilt'  lilu(iine-|tapi'r.  to  be  uh- 
wi|it4.'nily  midiileiicd  with  nieuhol.  Tho  chlürinc  oei-Vüt>ary  P>r  two  hiindtvd  ;^li».  of 
rtiH:ilcd  on-  ilk  ihi'ti^roiluced  fmni  ten  ftnns.  powderx-d  binuxid«  of  nian^^nnr««.  ianr 
{rrins,  onllnar^'  hydiuchlum-  aeid,  and  ten  fprm*.  »tilphurie  BL'id,  which  ha»  been  |irvn- 


*  In  laL-k  of  a  siiiuhto  purtithle  furnace  a  lurvt:  icraphliv  crucible,  about  0.3  tneu 
hiuh,  «ticli  ii>  io  ukhI  for  ftt^iut;  metnU,  can  be  employed  :  tn  the  «ids  of  ütis,  nivr  tlic 
bnrt'Mi),  a  tiole  about  seven  rcntliu.  «qnarc  U  tuadc,  with  several  amall  hole*  oiounil  itl 
ujifRT  trigv  V*  tli«  cniujbic,  iaude  of  which  a  auitable  inm  snK  Is  AxeiL 
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ocik,  chwd  witb  a  cork,  and  is  moru  ilmii  \n\\i  full  of  yurv  wiiu-r.     Aftor  >if|itiii:*  It; 
brdnx't)U>nc  i)i*i(1  jnu  lu  thU  wiiurrtlit;  dilurinf  |UjtM-»  on  iiiiu  llic  I'vliiKlcr  A,  a^*  «iMmii 

I  in  the  tiiriiiv,  nnd  ihii»,  if  the  ik[>panitii>  i»  air-ui;lit,  to  tlic  vprj-  end  of  tlic  iul»c  wliicl 
open»  near  the  bollotu  of  B.  llie  cxtraciimi  mrtv  be  jierllirmMl  in  the  laUmirorv  wit)H>iil 
■nv  odor  of  chlorine  bctuming  pcirepiilik,  simv  i-htuml  mid  Iivdnn-liloric  »cid.  I>ut)i 
faioflcTMivi-,  are  furiiifid  from  the   cxitiibinntiun   of  the  »upcrAuuii»   i-htuKiiv  with   the 
•Irobol. 
The  ÜK-ik  b  AI  first  very  p«ntly  hcai«!  to  avoid  too  rupid  evolution  of  ßn»,  bnt  »Ucm 
wunl  toiufwhai  4irt>ni>«r.     Tb«.-  flbwrjitiiin  nf  ihe  f^iu  in  tbo  i\vlin<l>.-T  A,  nnd  tlif  «-hanui: 
i  «if  color  in  guh<>!anc«-9rontiitii)n;;it  noiolttv  nmount  ofjiiohl,  cah  be  vitv  ]>hiiiilv  Mvn,  und 
\»lf)  ihe  »piiraruiH-c  of  the  yrllnwiab  yas  in  tlii-  fnipiy  part  uf  the  cylindi'r,  u»  well  a-* 
I  it»  llnjil  Huw  into  li.    The  fewrr  tbt<  nndec<tnipOK*d  nictnllie  »uiphidev  mid  Hi>cni'U-)>  tti 
I  llir  ronsii-d  f ubiUiiKc,  »o  rouch  the  i»oon«r  due«  the  chlorine  ap)Mtir  ut>ove  It,  wliik-  miiIi 
I  •  moiv  eonuderatile  nnuiunl  it  mnki«  itK  Hppeumtici-  Inter,  nnd  a  deciiled  croliirion  of 
f  beat  t>  nutiee«!  in  (he  eyltndrr.     All  the  firiely-diviiU'd  nietalliiT  c'^ld   pre^i'nt  U  ehiinued 
itilü  rhtnridr  a«  Mwn  as  tho  chlurine  ap|>t.'tint  tn  (hi-  empty  ]n\n  of  the  rylindcr,  litit  thi-< 
U  l»y  no  menu»  llicea*e  with  the  gold  which  i<  mntniiH-rf  in  the  parts  nut  decomi-oMd 
I  bv  llio  TiMitinz-     The  pu  miui  pM»  throncb  the  pfjwilerfur  nt  least  nn  hvnr  Iw-fore  the 
J-fXinetion  enn  be  rr-Kanlml  tm  cumpleie  and  (he  appnrHtun  taken  npnrt.  in  which  operu- 
lilian  the  etrrk  flKMild  flni  b«  Kmnred  frotn  C,  to  prevent  the  reflux  of  water  when  iIk* 
Qp  i»  taken  nway. 

The  eylinder  A  is  then  plaeed  on  a  stand  and  the  fiuall  neck  elo*ed  with  a  eork.  In 
^Whlch  h  a  «hurt,  narrow  lulte,  heni  ilawnwanl.  By  earpfnlly  pimrin};  on  ümiiH  qiuiiili- 
[tie»  of  hot  wnirr,  tltu  chloride  of  euld.  and  »ny  othi-r  n'wultinLr  »oliible  ehloridef,  are 
t  «aiib«l  into  a  beaker,  the  eylinder  N'ini;  incJInrd  towanl  the  end  i>f  the  op«  ration, 
I  to  leave  nuihintc  in  the  tottdni.  IT  the  neck  i»  itxi  hii:li  »hove  the  bätluin  of  the 
nrylTniter  llie  s\mct  can  be  ttllcd  up  with  meliert  pitch  before  Uyin;;  in  the  •{uiinje.  Aftvi 
Ivldlajr  hydrocblorie  aeid.  and  ihün  enuutrh  Mlutiou  of  Mitplmte  of  iron  to  pnccipitau 
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ihe  tP*Ul,  tlic  lii|itkl  Is  itrongl;  Btirrcil  wlih  a  ^ln«  tutl  juttl  Ivtf  until  nil  iht-  kuU\  liiu  »ct* 
tlvl,  wliicli  üL-cnr«  (n  a  eliurt  diuc  if  the  Uiiu»!^  kv|>t  wurm.  Tlie  H-|ninii(«l  ttiitl  H 
nfllvctctl  on  «  lillvr,  wnsbLiI,  nn<l  the  Httcr  ilritKl  in  a  pon-elnin  dUh  over  tliv  lump,  «ffer 
wtikh  it  i«  ij^iiiiiHl  with  tuxKM  of  air  iti  a  {iluiiniiiii  miiMilr,  p.  31.  The  n^itlttr  U 
iitixH  in  lltu  cAj«til«  wiciiuriu  to  two  i-tr*.  itut  lend  »nd  m  li:il(-  liotitx*^lnA>,  wmppfd  in 
<t>KlA-)iii|icr  nnil  fuM'il  like  n  qtuiniiimivc  silver  usMiy.  Tbc  WL-tL'lil  uf  thv  lintron  «Ik 
iflincil  by  cupt^lliri;:  ibt;  «nnfcron*  Iwut  U  tliifi  tli-icnnim*!  on  iliw  v*\c  or  tlic  kuilaiHV. 
|rS0(J];riu.  =  aoXt  l>lüw|>ii>c  cir-..  of  raw  pi,  riiifcrouR  vtv  wciv  u-cti,  llw  t*rl;;tii  uf  il» 
culU  Itnituti  tH  (liviilcO  l>r  2IMJ0  to  riiiil  the  iiniuuni  uT  •fuld  in  I  cir.  or  ittu  vro. 

'I'ln-  tcultl  tliii)«  irlilninctl  in  jjenr-r«lly  (rtf  ftiiiii  >ilv('r,  Iti-raitiH'  iHp  i-hUirnle  of  siKi-r 
fimntil  i»  in]H>ltibli:  in  pure  wottr;  if,  huwfvt-r,  ibc  sulwliinrv  wn«  iniiw-rfVcily  rvAstnl  w 
tliui  A  i:uriiii(1uinbl(>«)niuuitv  uf  ulluTi*)iluritlk-:»nuiI(l  fomi,  ttic  wiiler  iit  fir»)  umiI  in  wAalt- 
iii^'  itii'KubtirHnc«.'  nfii-r  tr(>iitiiient  with  ctiloriitu  (■.»nos  A  L-oricvnirutod  »oliiiii.<ii  ■nil  takr* 
up  Mtmc  rhloriilouf  »iIvlt,  wUk'h,  «Ithon^h  the  eulntion  Ih  <liliucd  piore  itnil  tDorr  wiili 
wniiT,  imlv  H-|Mnit«a  vvi'v  hliiwly.  In  tliiti  rxKc  the  j^iiUl  m»;  roninin  a  Ifnle  itllicr, 
»nil  tuuiti  be  Mpamtvd  u»  will  In:  Jcn-ribvil  iiihUt  aIIovb. 

Anottiur  ineibuil,  fva»ililu  für  luiy  nsMtycr  wlio  tiwt  «  uiufRc  and  winil-funiMv  ill 
Itnnil  and  ia  pnurin-d  in  tlic  usr  of  tbc  b>ow)>i|>e,  U  tbc  followinii.  A  very  |>tH)r  vn 
mu_*  I«  ««tl,  wliit'h  would  nciiv<ätnio  tlic  trciilinent  of  thn*  m  four  poands  in  utdrt  \u 
ut»uiin  ti  wKifihablc  bitno«  nf  ^^old  by  the  oiilinun'  niiiflli'  atmy.  Tlif  aiirifiroa»  hihrr, 
(n>ni  »t:Vcniy-liv«>  lo  (jnu  liuntlrvil  hikI  twrnly  una.  ul  iIh-  utv  or  proiliirt  in  ipir-ktiiMt  it 
Dim  M-pumtL-il  by  nny  of  ihi:  nictlioiU  knowti  tu  all  aü^ayiuv.  %ix-,  by  n  fcn)ri(ii-Mri»<i 
H»Miy  ill  (111-  inttllli-.  r<jlluwf(l  by  cU|>«:IUtioil  uf  the  ran  luml  in  llm  cniitil,  or  by  «rTK'llh.i: 
ill«  ruutii)  KtibniaiM-t'  with  nlknlinu  fluxes,  lithnrp?,  or  test  Idul,  nnil  ot'ii-r  tr»-rv-iii«,  in 
rliiy  tTiK-ililcK,  t~oii(^-ntrftTiii|;  iKr  liiiil  by  Mttriticniion  undue  tbv  iniiniv  und  iIh'Ii  c*i|»I- 
lin^  rlii'  mrii'livd  It'.nl.  The  unriferous  silver  button  thiw  obinim-d  i»  irt-jghAl  witb  tlw 
uniinnry  nii»iiy  wci;:!it<',  ih«-  uinount  of  nilvvr  contninwl  in  tl«  ie»t  loAd  or  lil)i«rgv  rtn- 
plnviil  is  «k-ducttsl,  mill  (mm  Ihr  rvcnlt  tlic  amniini  of  itilvrr  und  ^uld  in;:rilicr  in  (Ir 
ore  iitcnVnloteil.  Then,  mfier  M.'[tiir.ilintr  ibc  silver  by  the  nietboil  to  I«  ijiiu-tly  ghfli, 
tlw  u-i'i^'hi  ol*  ihv  uold  ic  dctcnninc«!  on  liic  n)cfl»nrii>x  »cnlv,  luid  iHiiQ  it  tlu-  prupottluo 
■tf  yoM  Hod  siKx-r  w;piimlcly  asccrtaincd.  It'  the  «ystctn  of  KTninnw  w-ui(:fata  I*  lutd 
thniut'bont  tln-re  will  be  no  difficulty  whatever  In  making  the  nixcSMiry  calciilaliot» 


B.  Metallic  OompoundB. 
o.  Contfi/tfing  onip  of  gold  and  silver. 

This  includes  native  gold,  gold  alloyed  with  itiltm',  and  the  argnt* 
ti/crouti  gold  or  arir(/erovii  silver  from  tlie  Hseuy  of  fltiriferous  ntin- 
cniU,  uit'S,  and  prtxhicts. 

Tlierf  is  uu  eure  wiiy  of  easily  dissolving  or  slugging  off  one  of 
those  mottkU  ill  the  dry  way,  bo  as  to  separate  the  other  {mre  nod 
withtiiit  luss.uiid  it  is  necessary  to  perform  Iheaelwraiiuu  witli  uilric 
iic-id^buili  ill  tlie  CfhiiiU'rcLiil  und  bluwpi|K- H^-^ayp.  In  the  Bi-poratitig 
proeefig.  wliioli  is  etilU-d  pm-fiug,  tli«  pifiiHirtiou  of  silver  to  guld  in 
Mie  alloy  must  he  not  less  thun  2.5  :  I ;  otherwise  the  silver  will  I* 
inipi-rfectlv  or  nut  ut  all  dissolved.  Tlie  amount  of  gnld  mwt, 
llieit'fui-e,  he  previotiöly  ascertained,  und  if  it  extweds  this  limit  tbt 
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of  «ilrer  must  be  siippüed.  Touc?t  neetUfs  are  used  in  tin-  mtilUe 
ty,  nnd  in  blowpipe  jiäj«_vs.  wlieiv  vt-rv  emull  <|itmititteä  «ru  t-in- 
ploycd,  »Ithmigh  notindispcnsubU*.  tht'Se  niiiy  bi*  ivplm'cd  liy  it  «mull 
stock  <>r  alloys  (if  kiiuwii  composition,  uhioh  willi  u  lunelii^tdne,  p. 
."i3,  »IV  of  greiit  advantage  wlit-n  lVi'<|Ufnt  jjold  tutsiivs  ui-o  niiuK'. 
Hlttdd  couULintii^  only  2  »/«of  silver  tins  a  lij^lil  bniss-ydluiv  t!nIor,  nnd 
^if  it  htu  (iO  •/,  no  yellow  color  is  pt-rn-ptiblf.  From  iU  inori*  or  li-sa 
Vfllnu-  irolor  tbc  upproxiniiitc  ctun^Kiäition  uf  llic  ulluy  c«u  biM*8ti- 
mati'd,  li^  well  us  the  unioiiitt-of  silvci-  nttt-ueury  to  prodiirc  tin* 

»rti|nii-ed  prüportiotiä^  but  lIiIb  diiiv  be  muiv  I'XHCtly  ui^LiTtuiocd  from 
tlic  streak  on  tlu'  toncbstone. 

Wbi'n  iiutive  gold,  uf  u  UniHs-yellow  color,  i«  in  !«•  luwiiTCf)  fur  fim* 

gold.  iL  niiiy  bo  iiäfiumed  tlmt  the  umouut  of  silver  \&  uuimporuint. 

■«mi  ßfly  to  eighty  milligr.  being  wt'igbcd  out.  are  hidisl  with  two 

Bund  u  half  Wmvs  th^<  tpmntity  uf  silver  free  from  gold,  wbioli  \\i\a 

Vliefu  ritliicted  from  eliloride  of  silver  wttb  »  little  Ijont^-gtii^ti  on  ciml 

\xx  \X%t  R.  F.    A  very  liglit  brass-yellow  indicates»  more  conmdemble 

pro|M)rtiun  of  silver,  and  in  tbis  case  only  twice  ibe  wti^ht  of  silver 

tsuddetl.      Wiien  tbe  uUoy  i»  silver- white,  conMiuting  )K-rbajts  of  (JOVi 

«ilrer  and  40  V«  gold,  tbc  proportion  of  ftilver  cannot  be  estimated, 

and  it  is  then  netvssary  lo  ftij^e  the  ueigbed  iHjrtion  with  fully  half 

HJi  much  pure  silver. 

Cure  mnst  be  taken  in  fusiuR  the  hMov  with  the  silver  and  bonuc 
that  the  gold  is  equally  distributed  thj-oughout  the  silvir.  and  on 
this  account  the  button  mnst  be  kept  for  S4)me  time  in  a  fluid  stut«.-» 
while  the  It.  V.  id  allowed  to  act  only  on  the  Iturax  Ix-ad.  The  alloy 
obtained  from  mineral»  or  gold  ores  proper  is  getierully  richer  in  pold 
than  in  silver»  and  bctioe  iu  this  case  also  tbc  button  should  \vi  fused 
with  two  and  a  half  times  its  weight  of  pure  silver.  As  regarda  the 
ttlJuy  obtained  from  auriterous  silver  ores,  pyrites,  or  malt-likv  pro- 
ducts, the  gold  ie  generally  much  less  thau  one-third  or  one-fonrtli, 
»ud  no  silver  neeil  be  added  to  sncb  a  compound. 

When  the  silver  in  native  gold,  or  in  an  artiücial  alloy  of  gold  and 
■ilrer.  t«  also  to  be  determined,  the  weighed  metallic  compound, 
before  being  fnsed  with  the  pnl-e  silver,  must  be  cupelled  with  one 
ur  two  ctr».  of  test  lead,  lo  remove  any  admixture  of  eusilv  oxidiza- 
blemitttK  as  iron,  copper,  etc.,  and  the  resulting  button  weighed, 
after  which  (lie  silver  is  determined  by  difference  when  the  weight 
of  the  Repumled  gold  has  been  ascertained.  When  n*gnrd  must  be 
had  tu  the  cujxilution  loss  suffered  by  the  silver,  uU  of  the  litharg«! 
and  the  lH)ne-asb  which  is  permeated  by  it  must  he  reduced  nu  coal, 
with  the  addition  of  soda  and  borax-glass,  the  resulting  lead  cupelled 
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ln<!  the  woi;(1it  of  the  silver  Itntton  a^  luocrUiiKK]  on  the  scale  ndd^ 
fco  thriimniiiit  of  silver  previuu!»ly  founü  by  difftTence. 

Tbc  surfncw  of  tho  nlloy  to  W  parted  is  inrmisf<d  by  hnnimcrinj; 
it  ont  tM-tW(>en  imper,  nnd  it  is  tben  heat^'il  to  redness  on  ooal  with  a 
weak  l>|nwpi|K:  flame,  so  as  to  K'Säen  tbe  increased  density,  after 
wlii'.'b  It  i«  lM*nt.  iuto  a  small  rwIL  Very  small  buttons  do  not  itf^uirr 
th:«  pretmrution.     It  is  uuw  laid  in  a  small  |)oreel&iti  vessel.  Fig.  Ca, 
find  cbemicully  pure,  moderately  strong  nitric  acid  ]K)ure«t  ov^t  it  iti 
•li^ht  exo'sn.     'rite  tcstsel  is  tben  ])laced  over  tho  free  lamp  tlanie  on 
tijo  wire  frame  i'.  Fig.  7,  and  covered  witb  a  wateh-glaSA.     Tbe  silver 
dissolves  readily,  leaving  the  gold  in  a  blAck  metallic  mass,  which 
profcrvcB  the  shape  of  tbe  compound  when  con«i<1erjtble   gold   i* 
present,  bttt  otherwise  is  divided  into  several  portions.     As  soou  as 
the  yellow  fames  cease  thc«Aamc  is  brought  nearer,  nnd  the  acid 
hciited  to  gentle  boilin;?  for  a  frw  ntinuleB.  and  tben  the  wire  Trumit 
is  tnnied  to  one  side  and  tbe  vossel  allowed  to  cool  nntil  it  can  be 
hold  witb  tbe  finger«.     Tben  the  silver  solution  iacarpfullv  det'aninl 
rmni  the  gold  on  the  bottom  with  the  aid  of  a  glass  rod,  and.  for  tJie 
«ihc  of  certainly  removing  all  tbe  silver  from  an  alloy  rich  in  gold, 
the  remaining  gold  is  boiled  with  fresh  acid.     When  all  of  the  silver 
Rolnlion  is  decanted  the  vessel  is  half  tilled  with  distilled  waiter  and 
again  boilfd,  afliT  which   this  water  is  decantetl  «ud  tbe  waehing 
repeat*"«!  »t-venil  limes,  egpecialiy   if  the  amount   of  gold   is  consid- 
emble.*     When  the  laat  wash-water  bas  been  jmured  off  the  gold  is 
dried  tborongbly  in  the  vessel  over  the  flame,  care  being  taken  not 
to  lnat  it  loo  strongly,  or  it  will  adhere  vi-ry  limily  tn  the  porcelnin. 
The  dried  gold  is  gi-uerally  in  a  tinely-dividi'd  ^lale  when  it«  amonnl 
is  friHtng,  nnd  it  is  tben  advirable  to  mix  it  in  thcTpsscI  with  a  little 
boraT-glass  and  nlM)tit  one  etr.  of  test  lead;  pour  this  mixlnre  tnttilh* 
mixing  capsule,  and  tben  transtVr  it  lo  a  &»tla-pap('r  cylinder, and 
fViso  the  whole  in  a  modemto  It  F.  on  cooL    Af^er  thorough  foeioo 
tht  aurifemns  lead  is  sei^nnitcd  from  the  glass  by  very  carefully  liiifli' 
niering   it  between  papi'r,  and  is  cupelled  fine  at  once  on  a  ffi'Il- 
lieattd  cupel  of  sifted  bone-asb.  covered   with  elutriated  bout-iiäli- 
Oold  forms  a  brittle  alloy  nith  lead,  if  in  considerable  proportioi:, 
and  hence  lo«s  may  ensne  if  the  rich  lend  is  strongly  bammerpdor 


^toiU«  b  «MkM4,  4rM.  «ad  fomrr^l  natO  »^»Mtiy  is  «•  luwd,  wbni  Ü  i»  NdHC^ 
bv  |)Winc  ii  in  «  pomlain  fwd,  pourioj;  water  contahüoi;  aome  hrdrocliknie  adil 
arrt  it,  am)  ihm  «AiUqc  «  p^«»  of  tinr.  Tbe  «dl-wa^ri  lediwad  mI«v  i*  tBdnl «  ■ 
bmtMi  (•  tlM  K.  P.  OQ  rml,  wilh  ■  litlie  haimx. 
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essod.    The  gold  button  is  weighed  or  meusiired,  afTooKliiii^  Ut  it.-f 
[si«e  {ntif  p.  3Ö). 

SliuuM  Lhe  amount  of  gold  be  considerable  it  may  hi*  shaken  iuto 

^fl  jilutinnm  spoun  or  a  cluy  crncible  and  bi'ittud  to  rediifaa.     Tliu 

spoon  is  beatcd  over  tbe  siiirit-lanip.  llie  cluy  criicihlu  in  u  eqirnrc 

Kc<>al.  tt8  di'scrilied  in  the  qiuintitativp  load  «s«ay,  (be  erucibk*  «nd 

^ooal  bfing  uncovered  and  only  a  low  red  htat  applied.     The  heati^d 

gold,  wbich  has  baked  togetbur  and  has  a  light  gold  c^ilor,  is  tbi-n 

^Lveighed. 

^*  When  ihc  gold  hns  \tnn  extrncicfl  from  «n  «re  h_v  chlorini»  tlie  silver  TxtniuJH  in  (lie 
erv  Ol  chloride,  nnd  its  amoant  must  be  usctnnineJ  lij  miikin^'  a  dupliL-aru  liluu'tii]« 
MMT  tor  nnrifcioM  ellrer.  ^ 


h.  Ansat/  of  mefallic  cttmpoumh  which  coniain  other  rnefah  f/esiitf» t/oht 
anfl  sihvry  as  cop^ter,  plafinum,  irtUiurn,  palhttiiuifi,  or  rhutlintiu 

1.  Oo?rf  nlloy^-d  with  both  cop/^fr  and  ftilver. 

Thixty  to  tifly  milligr.  of  the  alloy  are  weighed  and  fiiw-d  with 

3^  to  8  ctrs.  tt^et  lead,  according  to  tbe  copjK'r  present,  with  u  goml 

B.  F.  under  boms-glass  ou  coal,  and  tbe  ivsniting  loud  cninlled  like 

»ny  other  lead  containing  copper,  p.  410.    Shonld  the  nrgeiitiferoiis 

Igold  button    resnlling  I'rom  the  fine-cnpe!liitii)n  seem  too  impniv», 

towing  loft  small  admivtnre  of  coppor.  ir.  must  Ix»  cnpll«!  tine  at 

on  a  free  spot  of  tbe  cope!  after  adding  one  ctr.  of  test  lead. 

lien  both  the  gold  and  silver  are  to  be  delemiined  the  itfined  hiit- 

I  ton  is  weighed  and  the  two  mclals  are  then  partwl  as  above  dcecribed. 

[There  is  undonbtedly  some  cupellation  lusd  in  cupelling  snch  An 

falloy,  hut  this  can  be  aaoertained  by  reducing  the  litharge  and  ireal- 

L  ing  it  üi  deucribed  on  p.  429. 

Suppose  that  our  nllojr  weichet]  40  mniif,n-.and  wo  obtained  a  siolt]  ud  «ilvtr  btitron 
of  2S  nillligT.,  whirh  ^-iclded  30  milligr.  o(  gold  t/kcr  'patüag.  Then,  since  puro  ^ttl 
m  'H  csnita  fine,  wv  wonM  hnvc  : 

^•fO     :    24     ::     IS     :       7.S     camtti  of  CDi<|>cr, 
40     :     24     : :      8     :      4.8         "       "   ailvcr, 
^^L  40    :     34     :  :     SO     :     13.0         "      "  gold, 

^^r  34  0    carol«. 

Ü.  Hero  are  included  alloys  of  gold  with  platinum,  with  platinum 
ud  silver,  and  with  plittinimi,  silver,  and  copper. 

a,  (t'ohi  and  platinum.  When  tbe  amount  uf  platinum  is  consid- 
«sble,  the  separation  is  best  effected  by  dissolving  thirty  to  fifty 
milligr.  of  the  alloy  in  aqua  regia  (three  parts  of  liydrocblorie  and 
one  of  nitric  acid),  by  warming  it  in  a  beaker-glass,  adding  cliloride 
of  ammoninra  to  the  solution,  and  evaporating  the  whole  to  di'yuctt 
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in  A  porcoUin  dish  at  a  moderate  temp(>riitnr<?,  m  lu  not  ta  Ht'Ciuu- 
|iosc  the  fuih.  The  reaidne  is  thon  wii«l)cd  on  a  t^mtill  ttltrr  with 
»lcf>hol  of  70"  to  80",  until  u  frcgli  piirtion  of  »IcmIioI  ie  ihi  loiigi^r 
colored  yellow.  By  this  means  tbo  gold  is  disgxdvid  uut  utid  iiiiiy  I«- 
precipitated  in  the  metallio  smie,  nfter  adding  wtiter  tu  the  eolutiori 
und  removing-  tlip  alooliol  Ihrongli  evaporation,  hy  a  solution  of  sul- 
phate of  iri)ii.  or  l»y  wurming  it  witU  a  soluurtu  of  tvn^liloride  of 
antimony,  uUowing  it  to  settle  and  culleoting  it  un  u  tiltpr.  The 
filter  is  unfolded,  dried  in  n  jiorceUin  dish  over  the  lamp,  fylilrtl  u|i 
again,  and  ineiuerated  over  the  ugatu  mortar,  being  lield  up  by  *iiif 
edge  will)  the  f»rceps.  The  ashes  aro  mixed  with  about  lifty  milli<;r. 
bomx-^hias,  wrapped  in  soda-pajtcr,  and  the  divided  gold  fn»Hl  to  u 
bntluu  uith  the  0.  F.  on  coal,  while  tlte  aidici  an-  ähigi^ed  otf.  Tin» 
button  is  freed  frum  the  borax  between  paper  on  the  anvil  and 
weighed. 

As  alloys  containing  much  pUitinnm  rarely  require  to  be  trvatetl, 
this  Bepamtion,  which  requires  much  time,  is  seldom  made.  It  is 
more  fivqiieulty  the  case  that  gold  cuntuining  but  a  small  quoutitr 
of  platinum  ia  to  be  assayed  for  fine  gold.  Thirty  to  fifty  milligr. 
of  such  un  ulKiy  are  fuwd  th«mjnglily  with  thret^  finieß  utt  niuHi  pun- 
silver,  the  alloy  then  hammered  as  thin  as  possilde,  healed  to  n-dnet«. 
rolled  up  and  treated  a  few  times  with  nitric  acid  according  tr#  p.  4-iS. 
By  l)oilin<?  the  uUoy  somewhat  longer  than  if  it  were  free  from  pla- 
tinum, the  latter  16  di^sulvud  with  the  silver,  leaving  either  pure  gi>M. 
or,  if  there  was  nearly  ten  per  centof  platinum  in  the  original  ullov. 
gold  with  a  little  platinum.  In  the  Qrst  case  the  gold  is  boiled  with 
distilled  water,  wiwhed  a  few  times  with  ojld  water,  dried,  heated  In 
redness  in  u  platinnm  spoon»  and  weighed.  In  the  evcond  ctist^ 
however,  the  gold  does  not  sluiw  a  pure  gold  color  after  liemg 
Weighed  und  fusi-d  with  a  little  bora\  on  coal,  und  it  must  l*c  nguin 
fused  with  three  time.«  its  weight  of  silver,  after  which  the  platinum 
can  be  completely  removed  by  nitric  acid. 

»3.  Goli/,  jihiinfim,  and  W/irr,  When  no  regard  is  had  to  the  alver 
the  methwl  just  described  is  exactly  followtd,  but  if  tlie  silver  \s  lo 
be  determined  it  must  first  he  citracl4d  with  sulphuric  acid.  To  do 
this  with  proficr  accuracy  the  alloy  should  contain,  according  Tr> 
Chaudet,  fur  one  part  of  gold  and  ])laCihuai'  not  le*a  thau  one  and 
a  cpiarter  nor  maw  than  two  parts  of  silver,  lM>eiiu$e  some  phitiuuDi 
Skvms  to  diawlre  with  more  silver.  When  silver  is  lacking)  iui' 
uncui-alely  weighed  quantity  of  pure  silver  must  be  added,  und  if 
uold  is  Itiekiiig  the  iilloy  must  Ik*  melted  with  pun'  gold,  to  sm'iiiv 
the  uec(*ssary  proportions  of  the  metak.    Thirty  to  fifly  milligr.  u^ 
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fiDoy  hcing  weighed  out  and  bi-onght  to  the  proper  proportion» 
by  fusing  it  with  gold  or  silver  and  borax-glass  on  coal,  the  button 
J0  beaten  as  thin  ae  [lOi^sible,  heated  to  rednesn,  and  rolled  up.    After 

K being  Wfipht'd  to  pee  that  no  niediunicnl  loss  has  occurred,  it  is 
covered  with  Oüncentr«tt*d  sulphiiric  ucid  in  a  porcelain  vessel  and 
boiled  for  ten  minates.  Arier  oooLiu^  somewhat,  the  acid  solutiuiir  con- 
taininjir  enlphat«.*  of  silver^  is  decanted  and  the  porons  metallic  residue 
boiled  live  niinntea  longer  with  fresh  acid  t^icompk^u?  tlie  «epamrion 
K'of  the  silver.    The  remaining  roll  is  boiled  with  distilled  water,  dried» 
Bignitcd,  and  weighed  ;  the  difference  gives  the  weight  of  the  silver, 
f      The  gold  and  platinum  are  then  tjcparated  l>v  Insiun  with   silver 

and  snlntion  in  nitric  acid,  as  described  nnder  a. 
_       y.  OoUL  platinum,  silver^  and  trojyper.    The  copper  is  first  separated 

■  by  cnpelling  the  alloy  with  test  lead  iis  described  on  p.  431.  If  th& 
gold  cannot  he  made  fine,  owing  to  (he  prps«*nce  nf  too  ranch  plati- 
num, the  rest  of  the  lead  is  separated  by  means  '>f  boraeic  acid,  as 

■friven  in  the  qnalitative  assay,  p.  316 ;  it  being  assiimnd  that  the  cop- 
^  per  has  boen  st'irtinited  on  the  ciii^l.     The  silver  is  then  removed 

with  sniphnric  acid,  and  the  gold  and  platinum  separat*.'«!  as  above. 

H     3.    GöW  containing  iridivm.    The   iridium   can   be   very  easily 

■detected  and  sepurated  by  treating  the  alloy  with  uqn»  regia,  whicl) 

^dissolves  the  gold  and  Iravcs  the  iridium  as  a  black  powdrr.    When 

the  decomposition  is  effected  the  gold  sulntion  is  diluted  with  water. 

Allured,  and  the  iridium  well  washed.   The  gold  is  precipitated  either 

with  sulphate  of  iron  or  by  wanning  it  with  terchtoridc  of  antimony, 

■  ftccording  to  p.  431,  and  determinitäg  it  as  there  directed.  Any  cop- 
"per  in  the  alloy  is  first  removetl  by  cupelling  it  with  three  to  five 

parts  of  teat  lead,  and  subsequently  every  trace  of  lead  is  remored 
with  boraeic  acid  on  cual,  if  the  gold  cont«ining  iridium  cannot  be 
made  fine  by  simple  cuprllation. 

■  4.  Oitld  containing  palhulium.  Thirty  to  fifty  milligr.  of  the  gold 
Hcontaining  palladium  are  fused  with  three  times  as  mnch  silver  and 

■  treated  with  nitric  acid,  as  descrilied  in  the  separation  of  gold  from 

■  platinum.  The  gold  remaining  hchiud  is  boiled  and  washed  with 
Hdistilltfl  water,  ignited,  and  weighed.  Should  the  alloy  not  be  fVve 
f  fVom  easily  oxidizabte  metals,  the  separation  of  the  gold  from  ^he 

palUidinm  is  precpdod  by  cnpellation  with  three  to  five  parts  of  test 

»load,  and.  if  uooessary,  treated  with  boraeic  acid  on  coal.  The  silver 
\&  precipitated  from  the  diluted  solution  by  salt  and  the  pjiUadium  in 
the  metallic  state  by  xinc. 

5.  Gold  containing  rhodium.  According  to  del  Rio,  when  the  gold 
is  the  prevailing  constituent  the  alloy  is  dissolved  without  residue  in 
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w\ua  ri'giii,  otid  llic  gold  can  fhon  be  precipitaird,  frep  from  rhirflinm, 
by  6ulpbat«  of  iron.    According  to  BerzeHiis.  rhodium  caa  be  Fepan* 
fcod  from  pliitiiuim,  indium,  and  osmiom,  by  fusing  the  finuly-diTidcd 
ulloy  with  bisnlphato  of  potassa,  which  dissolves  it  mid  li'a%-efi  the 
othfr  ntelul^    Gold  Ijeing  likewii»}  ineolublo,  this  nl(^thod  can  be 
applied  tn  gold  containing  rhodiara  if  the  alloy  is  converted  into  a 
thomuglily  porons  state.     Thirty  to  fifty  milligr.  of  (hu  alloy  aie 
weighed  oiU,  fused  with  borax-glass  and  tbrco  times  the  weight  of 
pure  silver,  then  beaten  out  aa  thin  as  pos.iihk*,  nuQca]<Hl  lind  bent 
into  a  roll.    This  is  treated  with  nitric  acid  antit  all  the  silver  is 
dissolved,  leaving  the  spongy  gold  and  rhodium  in  the  shape  of  tho 
roll.    The  silver  solution  is  decunt^.'d,  the  roll  hoilod  and  washed  wpU 
with  water,  then  dried  in  the  porcelain  vessel.    It  is  now  gradually 
heut«d  in  the  large  platinum  f;poon  or  a  platinum  dish  with  a  »nffl- 
cient  anionnt  of  bit^tilphate  of  p/tlasäii,  until  the  salt  is  Suid  ai  a  low 
red  hcjiL  The  rhodium  and  any  remaining  silver  dissolve  with  lively 
evolution  of  sulphurons  aciid.  im]xirlinga  dark  red,  almost  black,  culnr 
to  the  salt     Whin  the  evolution  of  anlpliurous  acid  ceases  and  the 
fluid  salt  Ix'conie»  quiet,  it  is  |>onred  off  from  the  gold  up*>n  the  iron 
anvil  as  completely  as  possible,  using  the  irou  spatula  for  the  pnr- 
pofio,  and  the  fusion  is  repeated  with  fre-sh  bisulphate.    This  iwrtiiui, 
which  isunlyalightlyoolored,  having  been  poured  off,  the  gold  is  boiM 
a  few  times  with  distilled  water  in  a  porcelain  vessel,  dried,  ignited, 
and  weighed.     It  is  safe  to  ascertain,  in  case  much  rhodium  wob 
pi-esent.  whether  this  gold  is  qnite  free  from  rhodium,  by  again  fusing 
it  with  three  times  its  weight  of  silver,  dissolving  it  in  the  sliajte  tif 
a  mil  in  nitrio  ucid.  treating  it  agnin  with  bisulphate  of  poljisdu. 
washing,  drying,  igniting,  aud  reweighing  it     A  trace  of  remaining 
rhodium  will  be  shown  by  (ho  pale  yellowish  color  imparti^d  to  tlie 
bisulphate,  and  if  weighable  is  also  detected  by  the  diflWrence  in  ibt 
weight  of  the  gold. 

c.  Assay  of  mMallic  compounds  of  gold  and  mtrcury. 

Gold  amalgam  occurs  in  nature,  p.  318,  and  i«  also  artiflciall.T 
produced  by  the  amalgamation  of  gold  ores  and  for  gilding  melöHic 
instruments,  etc. 

About  fifty  milligr.  of  amalgam  arc  weighed  out,  the  scale  iw"* 
being  covered  with  paper  if  of  silver  or  gilded,  and  then  di»till«I 
just  like  the  silver  .imiilgnm,  p.  -iSI.    The  remuiuinggold  is  eii|  ! 
with  one  ctr.  teat  lead  and  weighed.     If  a  light  color  of  the  Iju:'  i 
indicates  silver,  this  is  to  be  separated  by  the  prooesa  described  oQ 
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Ip.  430,  uud  the  nmoant  of  gold  and  silver  revkoDed,  aSif^r  again 
t ■weighing  the  gold  bnttoii  obtained  from  the  gepanition. 

When  one  ctr,  of  (lie  mercury  to  b*;  treated  w)ntuiiis  a  weighablu 
[qnautity  of  buth  gold  und  »ilvcr,  the  method  given  on  p.  4^1  ia  toU 
[lowed  exactly,  and  the  argentiferons  bntton  melted  with  two  to  three 
*  parts  of  ptire  silver  and  svparated  as  above.    The  dilfepenoe  iu  weight 

between  the  argentiferous  gold  bntt/>n  and  the  gold  button  gives  the 

weight  of  silver.  When  the  qiercary  is  very  poor  und  one  cir.  will 
[cot  afford  aweighablc  argentiierous  gold  biiLlou,  severnl  centners  are 
I  distilled  in  a  small  gliiJ^s  retort  with  a  receiver  over  the  spirit-lamp, 

ur  the  distillation  may  be  made  in  a  tube  blown  out  at  one  end, 
rhich  is  charged  with  one  ctr.  of  amalgam,  the  condensed  raercnvy 
■  clemed  out,  and  another  centner  of  amalgam  chnrged  and  distilled, 
j  con  tinning  this  until  a  weighable  crust  of  guld  und  silver  is  observed 
[in  the  bnlh.    The  operation  is  then  continued  as  din>cted  fur  mer- 

onry  containing  silver,  p.  421.     The  silver  and  gold  are  separated 

and  determine<l  as  before. 


3.  THE  ASSAY  FOR  COPPER. 

Copper  can  be  sopamted  with  little  difficulty  by  means  of  the 
blowpipe,  in  the  metallic  state,  when  in  combination,  even  if  com- 
bined with  other  metals.  Reganl  must,  however,  be  iiad  to  the 
I  different  wavfl  in  which  it  occurs,  both  in  nature  and  in  aitificial 
prwlncts,  as  enumerated  on  pp.  Ü87-*ftl,  because  its  quantitative 
determination  varies  in  the  diQWi-enl  cases.  Substances  containing 
copper  are  thc-rofore  most  suitably  cUssified  as  follows: 

A.  OrcMj  minerais.  and  metaiUiryical product 8 : — 
a.  Containing  volatile  cmistitufnis; 

h.  Containing  copper  in  an  oxidized  state,  fre«  From,  or  com- 
bined wilh,  ueids  and  water;  or  slagged  with  earthy  mat- 
tcfB,  or  combined  in  any  other  way. 

B.  Aljotffi  in  which  copper  is  the  prevailing^  or  an  acces$oryt  in* 
gradient : 

a,  Plumbiferoua  copper  and  cupriferous  lead  ; 

b.  Compounds  of  copper  with  iron,  nickel,  cobalt,  zinc,  and 
bismuth  ;  either  singly,  or  several  at  the  same  time,  while 
lend,  antimony,  and  arsenic  frequently  accompany  it; 

e.  Copper  containing  antimony  J 
d.  Copper  containing  tin. 

the  fnsiou  of  substances  belonging  to  class  A^  a,  prelim« 
sting  is  necessary  to  remove  the  sulphur  and  arsenic. 
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A.  Auay  of  On«,  Minarala,  and  Prodnota, 

which,  a,  contain  volatile  coHnlituenl»,  as  snlpkur,  Hieniunu  and 
arsenic. 

This  includes  copper  ores  (tresaM  <iu  the  large  scale  ;  among  min- 
rruls,  the  comp)und8  of  copper  with  selmiutn,  arxenir,  and  sulphtr^ 
pp.  ^87-<288 ;  among  metallurgicjil  producta,  copper  maitf  rtgulvs, 
cupriferous  Bohsteint  lead  matt,  tnity,  or  cadmia,  etc 

ROASTLNO   THE   AR8AT. 

One  ctr.  of  the  assay  powder  is  mixed  in  an  agate  mortar  with 
three  times  its  volume  of  pure  dry  charcoal  dust,  or  with  twenty  \o 
thirty  milligr.  of  graphite,  which  \&  preferable  in  nearly  &11  caäe^, 
and  pgpeciftUy  for  aubstancea  very  rich  in  arsenic.  Minerals  which, 
nn  Hccouut  of  a  conaiderable  proportion  of  sulphide  of  antimony  or 
biemnth,  fuse  easily  togother  at  a  low  red  heat,  rix.,  ehalconlibUt-, 
boitrnonite,  eniplectiie^  rpceive  au  addition  of  fifty  milligr.  pnre  sps- 
<juio:(ide  of  inm,  or  pnlvcrizetl  hematite,  which  prevents  them  fnini 
fusing  together,  and  has  not  the  lea^t  injurious  effect  on  th«?  subse* 
quont  separation  of  the  copiwr.  The  carefiilly-miTod  charge  i* 
tmiisft'rrcd  to  a  clay  cnpsnlc,  wliich  has  heew  paiuted  with  ixilille. 
and  is  then  spread  out  with  the  iron  spatula. 

A  square  coal,  p.  IS,  Fig.  19,  F^  with  a  hollow  in  it,  either  of 
natural  or  artiUcial  charcoal,  is  then  fixed  in  the  coal-hoIder,  p,  39. 
and  so  much  of  the  coal  cut  out  on  one  side  of  the  cavity  with  the 
knife  as  is  indicated  by  the  slit  b.  Fig.  53,  p.  40,  so  that  tbe  spaoe 
cut  out  forms  a  channel  leading  to  the  cavity.  The  wire  and  pla- 
tinam  shield,  p.  40,  are  fixed  in  the  cavity,  and  then  the  capdnle  is 
set  upon  tlic  wire  with  the  forceps,  as  shown 
in  Fig.  8S.  In  all  these  assays  the  apertnrc  in 
the  blowpijw  tip  should  not  be  too  narrow, 
p.  ."i.  At  first  a  moderate  0.  F.  is  directed 
through  the  lower  part  of  the  channel  a  into 
tlie  empty  space  below  the  capsule,  so  as  tn 
bring  the  sides  of  the  cavity  and  the  capsule 
itself  to  a  low  red  heat.  The  point  of  the 
blue  Same  must  reach  little  or  not  at  all 
.within  the  coal-holder,  Wheu  the  substance  begins  to  glow,  if  coflf 
dust  has  been  used,  a  moderate  blast  must  be  continued  for  some 
time,  BO  that  the  particles  of  ore  may  not  bake  together,  much  lea» 
tinier  or  fuse,  while  the  coal  is  consuming.     When  this  had  cod* 
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iomed,  which  nui  be  uticertaiiied  by  cxuniiiiation  with  thu  iron 
£}iutuU,  first  warmiug  it  in  the  spirit  fliune  U>  prevent  mlhesion  of 
the  ore,  the  capsnle  is  rtioioved  and  the  somowhat  cooled  charge 
poured  into  the  agat«  mortar  and  niblH^  fine.  The  ore  will  iisiiullv 
have  changed  in  color  and  Ilea  in  a  (juite  |}urous  state  in  the  capsnle, 
ftu  that  it  is  seldom  ueoessary  to  det«ch  still  adhering  particles  mü\ 
the  gpatnla- 

This  roosting  is  completed  in  about  ten  minutes,  and  most  of  the 
volatile  tiubstances — sulphur,  selenium,  aräcuic,  and  part  of  th» 
HUCimonv  are  removed,  while  the  addition  i>f  coal  has  prevented  tu  a 
givut  dt.gn.-e  the  formation  of  sulphates  and  arsenates.  Some  uraeuic 
and  sulphur  remain,  however,  partly  ap  nnaltered  sulphides  and 
unücnidea  und  purlly  us  acids  combined  with  the  metallic  oxides 
formed,  and  to  remove  them  as  completely  as  possible  a  second 
ting  is  required.  The  substance  is  therefore  again  mixed  in  the 
tor  with  three  times  ita  vohime  of  charcoal  dust,  the  oajwnle 
.puuted  auew  with  reddle  and  replaced  with  the  charge  upon  the 
wiri>  wlicu  the  roasting  is  continued.  Äs  soon  as  the  iuterminglnl 
coal  is  in  full  gluw  a  somewhat  stronger  beat  is  empMyfd,  and  the 
preecnce  of  still  volatilizing  constituent«  tjjsted  by  smelliug.  Whim 
the  charge  ceases  to  give  any  odor,  the  rest  of  the  coal  is  bnrne<l  off 
and  the  a«say  regurde<l  aa  thoroughly  ruaated.  If.  however,  fumes 
ure  seen  to  escape,  the  assay  must  be  again  rublK'd  in  the  nioriar. 
cual  dust  addt'd,  and  a  third  roasting  undertaken,  during  which  the 
presciice  of  volatile  CMiatitnenra  is  agjiin  tested  hy  smelling.  When 
no  more  fumcg  can  he  smelled  and  the  coal  dust  is  cjusumed,  the 
capsule  is  removed  uud  allowed  to  cool.  Shuuld  fumi'S  still  be 
ubeerved,  which  is  only  the  case  with  substances  coutuiuiug  much 
ursenide  of  nickel, even  a  fourth  roaätiug  is  necessary  ;  hut  generally 
the  seciuid  is  enough.  Since  it  would  be  tedious  to  reweigh  the 
assay,  and  thus  ascertain  whether  its  weight  remained  constant,  the 
uliseuce  of  any  odor  of  volatile  bodies  from  the  glowing  assay  \g 
regarded  as  indicuiitig  the  compWtion  of  the  ruusliog  wheu  c<»al 
dust  is  added.  The  color  of  the  roasted  substance  affords  n  tolerably 
sure  sign  of  its  richness  in  copper.  The  darker  its  blaekish-hrown 
color  after  cooling,  bo  much  the  richer  is  it  in  copjK'r,  while  a  nnUler 
or  lighter  shade  indicate  less  of  this  metal. 

In  rousting  with  graphite  the  as«ay  is  kept  at  a  rc'd  heAt  from  the 
beginning  of  the  roasting  until  no  more  volatile  substances  nui  lie 
smelled.  The  graphite  is  less  easily  destroyed  than  the  charcoal  dust, 
nnd  being,  therefore,  longer  in  direct  contact  with  the  substiuicca, 
aoustantly  exerts  a  deoxidizing  influence  .    the  TolatUe  constitaenia. 
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preventing  the  fonnution  uf  sulpbatj^a  or  arsenaten  better  tluu  ihe 
aoal,  which  has  to  be  udded  anew  in  order  to  decompose  thom.  Wl\on, 
Iherefurt-,  the  fmiw«  cvuse,  the  cup^ule  is  removed,  aud  the  aubsljin«;. 
mixed  with  still  nndcstroyed  gmpbiU*,  is  carefully  rabhcd  in  llw 
mortui*.  This  'is  ueceäsary,  because  the  graphite  is  mure  destroy^  in 
the  npjier  layer  tJiaii  ht-liiw,  and  there  miiy  al»o  (KiSfjibly  be  iinjKM'foclly 
roasted  portions  here  and  tlieru,  which  are  thus  bniight  int^j  IVi^h 
coutoct  with  the  gra]>hitc.  After  sjireudiug  out  the  mixture  »gnin  in 
the  <;ai>»nle,  which,  if  necessary,  is  puint>ed  witli  frfsh  i^cddle,  it  its 
ftguiu  heated  to  redueää,  hut  more  Btrungiy  tbmi  at  lirsu  Sumetinicf 
at  the  commencement,  fames,  resulting  gt^uenilly  from  «ome  ivmoin- 
ing  arsenic,  may  be  amelled.  but  tihortly  not  Uie  least  trace  can  Ik? 
smollwl,  und  after  continuing  the  Mo^t  awhile  nearly  .ill  the  graphite 
lÄ  destroyed,  and  tbL*.  assay  can  be  removed  from  the  coal. 

The  only  iudicatiun  of  a  well-ruuäled  oäuay  is  the  absence  of  imy 
odor  of  volatilizing  cou«titnent^  over  the  assay,  which  is  glowiug,  and 
mixed  with  uudestroycd  graphite. 

\V\wn  Iho  twasy  cnntAiiia  tul/Jt^-  of  Uad  cm\j  a  part  of  llir  Milplmr  c<>nit>ini-<t  with 
tbu  Iliad  IB  remo%'«l  «oil  bft»ic  fulphatc  of  li-a«!  t^nmiu.  Moreover,  wliru  PXiiminmi; 
an  urv  divsscii  uii  tliu  iux^v  »catc  {\>x  cupiicr,  If  it  coDiuinsi  hon/tts  ur  i)ifp»tm  hdiI  nMiM 
b4  fir«!  m»«lpd,  il  Uiin|ionAil)le  to  rmnuvR  thn  sulphtiric  nciil  cnin)»)ni.>i|  wiih  ihi.'  Mmt  ui 
burytfl,  I'ilhtr  tiy  mcaus  of  coal  ur  Kmi)hilc.  When  the  ore  coninino  «n  mlinixriirv  oi' 
mldt^.  thU  iit  likcwiiwfiltcreil  diiriit;;  nta»tin[rinto  Milphiiie  of  lime,  if  nietalllc  Mil^-hiilr^ 
•re  jin'ÄJtit.  If  ilirnvgarUiil,  ihw3  undccuinjHMHbl«  BiiljihHics  may  lunrp  •  tpit  iiij-mirL* 
effect  on  (lit'  (•UffWa  uf  ibe  assftj  during  tlic  nnlucliun  of  itiL*  oxiile  of  oop)icr  twrrnr-i, 
■inrt'  llicy  iin'.  iltM-ompoMKl  bj  fu^kin  with  AlkHJiocflaxM,  nnd  k^\c  riM  to  ihr  tuniuüon 
af  fulpbtde  of  copper.  Dunn;;  thv  fiiKiun  fur  black  copper,  thcivlone,  rvgard  ntuit  bo  had 
to  tbis  point,  and  tb«  rvmainitif;  «ulphnr  be  Toaäc  hanulcaii  as  tbere  indicated. 

The  roosting  Is  followed  by 


THB   PtratON    FOR   BLACK   COPPER. 

The  roasted  substiince,  which  may  contain,  besides  oxide  of  copper, 
various  metallic  oxides  and  earthy  matters,  is  charged  for  reduction 
with 

100  to  150  milligr.  soda,*  uccordmg  to  the  amount  of 
sillicic  acid  (quartz)  pressent, 
50  milligr.  borax-gins«,  and 
30  to  50  milligr.  teal  lead. 
If  the  substance  contains  sufficient  lead,  or  if  there  is  cou^iderabl« 
autimony,  bismuth,  or  tin  present,  as  m  ietrahediUe^  emplertitf,  and 
iUtnnUe,  and  thu  rousting  has  been  conducted  with  great  care,  uo  teät 

•  Ttw:  »da  and  borax-güiM  must  be  perfectlj'  dty.  or  clw  so  Kvelj  a  motion  oeeon 
ia  Ihc  maaa  during  tlie  fuüon  tliat  a  mechanical  loM  cun  scarcely  be  aToiiled. 
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kftd  M  nwKleil,  bocauso  the  roduction  yields  ao  easily  fusiblü  alliiv, 
from  which  ihe  cupjxjr  can  be  obliiined  pure.  It  ia,  to  bp  üurp,  safei' 
to  tidd  at  \ca6t  thirty  uillligr.  test  leud,  eveu  witit  pliimbirerous  huI>- 
stauct^,  oil  acoLiunt  of  the  unavoidable  formation  of  sulpliate  of  lead. 

Th(i  8oda  servea  ati  a  reducing  ugeat  for  the  oxide  of  cupper  flud 
other  easity  reducible  oxides,  and  to  sla^  uff  the  «quartz  or  äiÜcuLes; 
the  borax  as  a  sulveut  for  oxides  of  diltiotilt  reduction,  as  oxide  of 
iron,  manganese,  and  cobalt,  and  for  mtiuy  earthy  ingivdienle;  the 
teat  h'jul  takes  up  the  reduced  copper,  and  forms  ;ui  eiwily  fusible 
alloy,  ii/ack  copper,  from  which  the  pure  copper  can  ho  separated  in  a 
short  time. 

The  rousted  Bul>atauce  und  charge  are  well  raided  in  the  »gale 
mortar,  traüöferred  to  tlie  mixing  capsule,  and  thence  to  a  aoda-jm|>er 
,  cylinder,  tu  la  the  silver  uäsay.  In  this  charge,  however,  tliere  is  lesü 
test  lead,  and  it  does  not  pour  into  the  cylinder  a<]  reailily,  «o  that 
the  ivory  spoon-huudle,  ur  the  ij[)atiila,  must  be  tnied  to  push  (he 
charge  in  small  portions  into  the  qf'linder,  after  which  all  adhering 
particles  arc  brushed  in.  The  closed  cylinder  m  then  placed  in  u  coal 
crucible,  or  in  an  excavated  eoal,  aud  a  pure  U,  F.,  at  first  very  feeble, 
and  subsequently  made  stronger,  directed  upon  it  until  all  the  ))U|>er 
is  destroy«!,  and  either  various  sized  metallic  globules  appear  iu  the 
fluid  glaKä  bead,  which  is  now  t4)  be  regarded  as  a  slag,  or  tlie  reduced 
copi>er,  united  with  the  lead  or  other  easily  fustible  melals.appeai-^  aa  a 
button  beside  it.  From  this  time  the  reducing  tlame  is  directed  only 
upon  the  slag,  the  position  of  which  is  so  cliaugcd  by  alowly  tui-niiig 
the  coal  that  the  f>epai*ate  globules  can  unite  to  one  metallic  button. 
After  several  times  altering  the  jweitiou  of  the  slag  with  regard  to 
this  fluid  huttou.  so  that  every  jxirt  which  has  been  in  contact  xvith 
the  coal  i^ipears  freo  &om  metallic  globules  on  coming  into  the 
opposite  position,  the  blast  can  be  stop))ed  aud  the  fusion  regarded  as 
complete.  The  metallic  button  is  either  taken  out  with  the  forcejts 
the  moment  it  solidißes,  or  is  allowed  to  cool  in  the  slag  on  the 
coat,  and  then  separated  from  it  between  paper  on  the  anvil,  after 
which  the  oxiilizttble  metals  combined  with  the  coiiper  are  removed 
with  appropriate  Huxes  or  by  simple  volatilization,  acc^-irding  to  the 
pruccesos  described  hereafler  under  the  metallic  compoiindi«.  The 
button  must  be  light  bluish-gray  or  whitif  li,  an  J  have  a  weak  metaUiu 
lustre.* 


*  All  hlflok  copper  free  frutn  andraony,  bixmath,  tin,  and  stitphtir,  »  malleAbl«* 
whi)«*  tlim  coniaJtiini;  morv  or  Ich^  oI  thrae  lHH)iri>,  or  triflin]^  ijunniitk^K  uf  anwnic  vT>m- 
Inneil  will)  iiirlii-l  anti  cobnk,  is  mure  or  \e»f  britlle,  »nd  tli^rcforv  tbe  givule»!  cnrv  musi 
I)L-  taken  u>  avoid  tuochatiiral  loss  in  ivmvviiig  the  alii^. 


140 


PLATTKEB'a   BLOWPIPE  ANALYSIS. 


Slag  which  is  gray  or  block  when  cold,  and  is  quite  tree  front 
nietAllic  globules,  wliich  can  bo  beet  »ace-rUi'med  with  the  magnifying 
glass,  cim  be  thron'u  away,  but  if  it  oontaiuä  metallic  glübules,  or  haj 
H  more  or  less  red  i:olur  iudicative  of  subuxide  of  copper»  the  assaj 
inuüt  bo  treated  some  time  longer  in  the  R.  F.,  and  it  is  well  to  add 
about  fifty  milligr.  of  ätxlo.  Cure  must  }tc  taken  to  loae  no  slag  when 
removing  it  from  the  black  copper  button,  us  it  might  be  nocessur}'  to 
rvmelt  iL  Aa  a  rule,  the  a«say  id  carofully  examined  with  the  glass 
after  removing  il  fVom  the  coal,  tu  sw  whether  all  the  copper  iä  n> 
dneed  und  melted  to  one  button,  so  that  the  slag  need  not  be  previonsly 
sepuruted  from  the  black  copper»  in  case  a  further  fusion  is  required. 

If  the  «nrffttw  o(  tbo  black  cupper  button  Is  rcnr  grar  oroMrlj  black  ui<]  without 
any  metAltlc  liiitn!,  it  U  ii>-urly  certHJii  to  trt>ntJUD  mon  or  Icm  sulfthur,  tKultinj; 
fhjm  atilp/tair  ttfbaryi»,  limt,  ur  laud  in  tlH.*  rtMLitleil  »ut»UiDCc.  ur  rrom  impcrrcct  nMUting. 
Ttko  fintt  nametl  ull«  arc  (iocumjKMicd  by  ibc  «xla  iluring  llii.>  ivductiun.  fomiing  «I  flra 
nnly  milphidc  of  »odium,  which,  hoTrcvcr,  nnerwnnl  yield*  snlpbur  to  the  rcdurrtl 
metntt  And  the  copper.  In  case  of  imperfbi-t  nxistin^  the  subfltaooe  tlill  coataiat 
Milphflt^K  of  ih«*  irvtnllic  oxidte,  wbii^'h  art  very  racily  n-dnrttl  to  aulphidcs.  In  ouc  ibu 
lulmixtur«  of  L>artliy  ur  mclallic  »ulpliatc^  io  the  roasicd  sobstancc  i«  cunsitlcrmblr,  aiid 
the  rcdaciiüti  is  made  rajiidl^  at  a  hinh  tein;>craliiri:!,  the  block  coppi-r  biiMoit  i»  covered 
fHth  a  rcry  brittle  cnut  of  aniphidv  of  copper  and  lend ;  while  if  ibe  mluction  wm 
mado  timcit/,  so  as  to  alfonl  the  sulphur  nn  i)|iporlunily  to  vulalilize  a»  »ulphidu  of  lead, 
the  resuttinj:  button  i*  wtuetimes  tolerably  fhec  (Vom  »ulpliar.  Tbe  mfialltc  »niplii«!«'* 
rjmivd  In  ruludni;  an  assay  coulainiiiK  h  smalt  qaantity  ofiwrtliy  or  tm-tullic  aalpliaiiv 
an!  aJMi  dnttroycd  by  conlinuod  fu^iioniti  presence  of  sollidcnt  lead,  BO  that  in  moat  oawt 
ibo  black  eoppcr  biiltuu  ia  fn-u  fpjiii  lu^-tallic  snlphidcs. 

In  cnMi  tho  bnttun  is  sn rn>ii ndt^l  witli  ft  erutit  of  sulphide  of  cop|K<r  und  Icwl  it  mail 
be  very  rarefully  »eparated  fnitn  thi>  Anp  between  pnpvr,  ur.  ti>  avuid  meclianical  lose, 
tlw  whole  a»)tny  in  melted  on  coal  in  ibc  R.  P.,  and  tho  button  taken  out  ijiiickly  a«  -oun 
M  it  id  «olid.  It  U  tbon  melted  on  ouaI  iu  the  H.  F.,  viib  about  twice  m  Riuob  te«t  Imd 
and  »oBie  bonu[-Kla«H.  and  the  borax  bead  beiMe  the  button  treated  with  the  H.  F.,  untU 
•U  tbo  sulphnr  lias  volatilized  with  a  part  of  the  teaii,  Icannjr  an  alloy  nbleh  show*  a 
rJcan  metallic  nurfnr«  un  ciHilin|^.  Th«  button  ia  then  i«pAniIed  from  the  coltirlesa  4;IaM 
and  n*ftnir«l  with  liomeic  acid  iirronlin>t  to  B,  a. 

If  [he  subäinnce  contained  much  antimoni/,  and  was  therefore  chareol  without  tt»! 
lead,  then,  in  prx'^ence  of  sulphates,  the  sul^ihur  h  volatilized  in  ronibinalion  with  (he 
uilimony  dnrinj;  the  nilurtion,  40  that  n  copper  button  contninin;;  only  atitiniuoy  11 
ubiained,  which  U  ntflned  aeeording  to  13,  c. 

A  eop|>cr  button  contaltilng  bUmutli  or  tin  !■  &«ed  bom  a  little  mii^iar  by  1 
ai  il  described  betuw  in  /?,  A,  a. 
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6.  Ort»,  mineralSj  and  products  containing  copptt  ««  /ha  nttUe  of 
oxide,  or  combined  with  chlorine;  it  being  in  the  former  ta  tie  pure, 
or  combined  with  acids  or  watett  or  ilagged  with  earthy  mattert^ 
or  otherwise  combined. 

Here  are  ranked  ataca mite,  cuprite,  tenorile^  meku-onite,  credncrite, 
cupreous  manganese  ;  likowise  all  the  nmierals  mentioned  au  pp. '^JS?!- 
2^*1,  containing  snlphate,  phosphate,  cnrbonute,  ursenjitc,  chiximiitf, 
vanadate  and  «ilicatt  of  copi>er ;  among  mclallurKical  prmlucU,  all  sorts 
ot  slags  from  cop{>er  smeltings;  among  artificial  prodncts^  c&pecially 
eoloi's  prcpareil  fVora  coi)i>er  and  blue  vitriol  with  other  cupriferous 
viirioht. 

With  tlic  exoeptioQ  of  the  %itriol3  and  poor  slugs,  a  quantity  of 
aseay  jwwder  is  prepared  from  the  substance,  and  onu  ctr.  weighed  out 
mad  charged  m  follows,  without  roasting: 

100         milligr.  soda, 
90  *'       borax-glass, 

30-90        "       test  leud. 

In  case  phosphoric  acid  is  presont,  as  in  phosphate  of  copiwr.  which 
ia  not  entirely  reduced  by  the  above  charge,  twenty  milligr.  tine  iron 
filings  are  added. 

The  addition  of  teat  lead  is  nnnecessary  for  cupriferuus  slags  con- 
taining nut  tuQ  little  oxide  of  lead,  as  in  certain  reHning  slags;  hut 
if  thev  at  the  same  time  contain  protoxide  of  nickel,  wliich  is  easily 
rednced  and  combined  with  the  copper,  it  is  better  to  add  some  lead. 
The  substauoe  is  mixed  with  the  charge  in  the  agate  mortar  and 
fused  jnst  like  the  rooated  subatanoe,  pp.  438-4.'Jl*.  The  sud«  iiete 
portJy  as  a  reducing  agent,  and  partly  as  a  base  for  the  non-i-educible 
acids;  the  borax,  as  a  solvent  for  the  earthy  matters  anil  metjillic 
oxideä  of  diHicult  reducliun,  und  it  also  prevents  the  Si>da  fmni  i^inkiun 
into  the  cual  in  their  absence;  the  test  lead,  as  a  protection  against 
mechanical  loss ;  the  iron  filings,  to  separate  the  phüsphurie  ucid  us 
phosphide  of  iron,  which,  indeed,  combines  with  the  black  copper,  but 
is  8eparate<l  from  it  simultaneously  ^tnth  tiie  lead  during  the  refining, 
described  under  B,  a. 

ßiiie  vitriol,  or  other  cttpriferous  vitriols,  cannot  be  thus  treated, 
since  the  sulphuric  «cid  is  reduced  to  sulphur,  which,  forming  at  first 
sulphide  of  iwjdiuni,  is  again  separated  after  longer  reduction,  and  com- 
binea  with  the  reduced  copper  to  sulphide  of  cop|>er,  and  this  cannot 
be  frwd  from  the  sulphur  without  loss.  It  ia  safer  to  dissolve  two 
hundred  milligr.  of  the  vitriol  over  the  lamp  flame  in  a  poreetai»  ves- 
sel with  water,  convert  the  protoxide  of  iron  into  sestiuioxide  with  a 
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fev  drops  of  nitric  acid  at  u  boiling  heat,  precipitate  che  mtftallio 
03ii(U-8,  iVum  the  hot.  äolutioii  with  ]>otafiä&,  and  Iheu  wiiah  ih«  precipi- 
tati'  well  uu  atilter.  which  is  dried  aiid  iguited  over  iIil-  uiortar.  The 
oxides  and  the  filter  ash  are  then  mixed  with  one  hiuidn-d  millitp'. 
soda,  fifty  niilligr.  borax-glaSÄ,  and  Hveuly  to  thirty  milligr.  lead,  luid 
treated  us  Ufore  for  black  oop|»er. 

In  ca6Q  of  »liiffs  m  poor  that  thu  copper  iu  a  centner  can  scarcely  be 
sepaiuted  aiid  weighed  as  a  pare  button,  fifVj  to  eighty  milligr.  of 
gold,  heaton  thin,  is  added,  and  the  copper  then  eonihines  so  [»orff-rtly 
with  it  that  none  can  be  detected  in  thu  «lag  after  fnsion.  The  fluid 
gold  must,  however,  he  carefully  brought  into  contact  with  every 
part  of  the  likeM  it»  lluid  sing  duria;;  thu  reduction.  If  the  Blag  con- 
tains only  protoxide  of  ii-on,  and  Fulwxide  of  eopjK'r,  the  increase  i^ 
weight  in  the  button  freed  from  slag  giveti  the  amount  of  the  ccppcr; 
))ul  if  oxide  of  lead  was  present  (he  button  aläo  contains  lead,  which 
niDst  lirüt  be  separated  with  horaoic  acid,  as  will  be  described  in  the 
ei  paraiion  of  lead  from  copjter.  If  Ixwides  riulwxide  of  eopixr  protox- 
ide of  nickel  Wat)  present^  this  is  likewise  reduced,  imparting  to  the 
gold  a  gray  color  and  making  it  harder  and  more  brittle,  while  it 
would  cause  too  hii^h  iin  iiuiount  uf  copi>er  if  disregarded.  The  hut- 
ton  is  therefore  weighed  imd  aftenvard  treated  on  coal  witn  borax,  bo 
as  to  keep  the  blue  llnine  in  contact  with  tlic  borax,  when  the  nickel 
is  oxidizrd  and  dissulved,  coloring  the  glass  brown,  whik*  the  enp]Hrr 
remaius  witli  the  gold,  and  its  weight  is  ugiiiit  ascertained.  The  sejt- 
aration  of  fcho  nickel  ia  slow,  but  unattended  by  utiy  hws  of  copper  if 
carefully  conducted. 

B.  Auay  of  alloy»  in  which  copper  forms  an  In^redteDt. 
a.  Alht/t(  of  copper  and  lead. 

Here  belong  the  plumbiferoua  copper  obtained  by  the  rednctitinof 
the  foregoing  puhstances  M*ith  the  test  lead,  aa  well  as  the  cupriferons 
lead  obtained  from  the  reduction  of  a  roasted  ore  in  the  lead  assiT, 
q.v. ;  among  metallurgical  products  are  to  be  reckoned  hertv  tbec"/'ri/- 
erou»  rntr  lend  obtained  on  the  large  scale,  and  the  liijuution  diseti. 
carcasses  and  drrjss  fivni  the  liqnatiun  processes. 

1.  The  compound  of  copper  with  lead  obtained  from  the  reduction 
of  one  cir.  of  any  cupriferous  sulmtanoe,  if  rich  in  copper,  is  thii« 
separated : — 

A  shallow  ca^-ity,  about  four  millim.  deep  and  eight  millim.  wide 
at  tlie  top,  is  lK<red  in  the  cross  sccrtion  of  a  coal  or  tu  a  coal  oajisule, 
Fig.  15,  in  which  an  amount  of  nitrified  boracic  acid  et^ual  (o  (He 
weight  of  the  plumbiferous  üopi>er  button  is  fused ;  then  tliu  button  is 
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,  beeide  it  and  fused  as  rapidly  as  possible,  being  covered  with  the 

blue  flame.     Wben  thii;  is  douc  the  blue  coue  is  made  lo  cover  uuly 

tim  buiiiciu  acid,  but  nut  tbe  buttoD»  which  bhuuld  uläu  be  coiijitautly 

in  ooQtuct  vitb  the  gla^  ou  cue  aide  uud  tho  coal  ou  tl)^^  other.    A 

slight  fault  in  the  inclinatiou  of  the  coal  luuv  very  easily  cauao  the 

button  to  go  under  the  glass,  at  uuce  interrupting  the  oxidation,  iu 

which  cade  the  euul  must  bo  inclined  toward  another  side  and  a  strong 

olu^t  nsrd,  so  that  the  button  may  appear  again.     Wliile  the  glass  is 

'  covered  with  tlie  blue  fiume  the  lead  is  oxidizi-d  and  at  oneo  dissolved 

iu  it    This  process  is  continued  uutU  the  button  Ngins  tu  assume  a 

greenish  color,  and  at  this  moment  a  more  spreading  fiamc  is  caused 

to  act  ou  the  glass,  so  that  the  remaiuing  lead  is  slowly  oxidized, 

while  the  copper  is  protected  from  oxidation,  and  the  clipper  button 

>  does  not  tlien  sputter.     If  the  tMinty  iu  the  cool  is  too  small,  or  the  bluet 

stronger  than  is  just  re<:|uiäite,  the  coj)per  almost  always  sputlars. 

even  when  still  combined  with  a  little  leiul;  the  dimension'*  given 

above  must  therefore  t>c  observed,  while  the  bhist  is  just  strong  enough 

to  keep  the  copper  fluid  and  its  surtucc  bright   When  the  button  sliows 

1  p(.'rfectly  the  i>eculiar  bluish-given  color  of  melted  copj>er,  indicative 

[of  the  proper  tineness,  the  process  is  stopped,  the  soiiditled  button 

removed  from  the  still  soft  sUig  with  the  forceps,  and  it^  qualities  ex- 

I  »mined.    If  it  has  a  copper-red  color,  can  be  hammered  out  without 

'  cra<;king,  and  when  broken  shows  under  the  glass  a  true  c*)p|K.>r  color 

jand  u  hackly  texture,  which  can,  liowever,  only  be  determined  in  case 

|of  larger  buttons,  it  Is  certain  that  the  copper  is  free  from  foreign 

admixtures.    If  the  slag  on  the  coal  is  also  transpai'ent  and  only 

uolorcd  yellowish  with  oxide  uf  lead,  there  has  been  no  cbuniinil  loss 

of  copper,  uiid  the  button  may  he  weighed.    Shoidd  t  he  slug,  however, 

show  red  streaks,  or  apijcar  very  red,  this  indicates  a  loss  of  cojiiwr, 

which  can  Ik;  vi*ry  quickly  determined,  as  follows:  fwm  borucic  acid 

that  ia  not  saturated  with  oxide  of  lead,  uo  li2ad  can  be  reduced  by  a 

good  R.  F,  while  the  dissolved  oxide  and  suboxide  of  copper  are  very 

easily  reduced  to  metal.    It  is  only  necessary,  after  removing  the 

retined  button,  to  treat  this  slag  and  the  gla.'as  sepantted  from  the 

button  for  a  time  with  the  It  F.,  when  it  becomes  transparent  and 

[yellowish  on  cooling,  and  the  reduced  copper  appears   in  seftaratf« 

[globules.    These  cnn  be  collected  cither  by  replacing  tht^  hirgc  button 

'  in  the  slug  and  fusing  the  whole  with  a  |»uwerful  It  F.  until  all  the 

Bmail  globules  have  united  with  the  large  one,  which  is  then  ogiu'n 

removed  from  the  slag ;  or  the  slag  may  be  ut  once  bi-oki-n  up  In^tween 

paper,  and  reuuived  from  the  metallic  particles  by  tritnrutitig  aud 

biugit  in  apoix-elaia  dieh.    The  little  copper  globules  arc  then 
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driod  m  the  dish  over  the  lamp,  aad  weighed  with  tbi'  lurgi-  hultoa 
If  the  glass  contains  also  considerable  oxide  of  lead,  some  lead  la  min- 
gled with  tlie  reduced  copper,  which  in  this  caac  is  generally  ail  in 
uue  butt^v.i,  and  is  then  fused  for  a  short  time  with  Oie  U.  F.  in  k 
cavity  uo  coal  wit)i^  a  little  boracic  acid,  whoD  the  lead  is  sutiii  sepa^ 
rated  aud  leave«  tho  oopjwr  pure.  Thia  ia  theoi  weighed  with  the 
largo  button. 

Should  the  assay  subätanue  contain  more  than  an  nuimjKjrlaiit 
amount  of  silver,  which  has  been  uscfrtaiut-d  beforehand  by  a  sdter 
assay,  this  must  bu  deducted  from  the  weight  of  the  copiKT.  lu 
cafie  the  amount  of  silvep  in  the  copper  button  is  to  be  detrrmineil, 
it  mast  be  fu^  with  üftecn  parts  of  test  h>ad  and  cupelled  accord- 
ing to  p.  M)b,  et  «eq, 

2.  la  the  lead  assay,  if  the  sulwtance  has  beea  roasted  befon-  the 
fusion,  cupriferous  lead  ores  containing  much  cupper  yield  plum- 
biferout  copjier,  otherwise  they  yield  cupriferous  lead,  if  ilic  loud 
prevails;  likewise  in  assiying  poor  copper  ores,  etc^  for  copper,  the 
addition  of  test  lead  causes  only  cupriferous  lead.  Tho  i*etiiiLUg  of 
plumbiferons  copi)er  has  just  been  described,  and  tx>  ascertain  the 
weight  of  the  lead,  it  is  only  necessary  to  weigh  the  alloy  obtained 
from  the  lead  assay,  aud  then  to  deduct  the  weight  of  the  retiueU 
cop}H'r  and  silver  from  it.  The  refining  of  cupriferous  leiid  from  a 
lead  or  C(>p|»er  assay,  or  lead  obtained  in  the  large  way,  as  raw  teaät 
eaunot  be  made  in  one  period,  on  account  of  the  U'ngth  of  the  ox- 
idizing process,  but  must  be  divided  into : 

a.  a  concentratioQ  of  the  copper, 
ß,  the  refining  proper. 

Both  operations  ai-c  performed  with  boracic  acid  an  before,  but  if 
enougli  of  this  were  employed  at  once  to  take  up  the  oxide  of  lead 
formed,  the  remaining  copper  button  would  seldom  be  pure,  since  it 
would  be  concealed  by  the  large  quantity  of  slag  before  it  w«ji 
refined. 

a.  A  conceHtrafioH  of  the  copper  must  therefore  be  Bret  perfomieil. 
The  cui>riferous  lead  from  the  lead  assay  is  weighed  and  melt«rd  to  a 
button  in  the  IL  F.,  with  a  little  soda  aud  borax-glass;  thia  upcn- 
tion  is  unnecessary  in  case  of  the  button  from  the  copiH.T  assay.  If 
lead,  aa  raw  leail,  is  to  be  examined  for  copper,  one  ctr.  is  weighed 
out  and  fused  oHW>al,  if  not  already  in  one  piece.  The  Cttpriferons 
lead  is  then  treated  with  its  weight  of  boracic  acid  on  coul,  juift  as 
in  the  relining  process  above  de5cpii>cd,  eo  long  as  it  can  l»e  kept 
from  passing  hene&Ui  the  glass  and  until  little  globales  of  redaoed 
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are  observed.  When  tbe  greater  part  of  Use  lead  has  heen  thua 
Aorcd,  the  proceM  is  8top{>cd,  and  the  button  coiitaiiiiiii,^  the 
Concentrated  copper  freed  frum  the  glass  on  cooling.  If  the  gloss 
appears  like  a  white  enamel,  ae  is  aliuost  always  the  case,  then*  has 
iK-en  no  loss  «f  copper,  und  the 

rf.  proper  rcßni-ny  of  the  copper  ensues,  by  wliich  the  concentruled 
plumbiferuns  copper  button  is  rc-fiued  according  to  p.  4W.  The 
lead  is  determined  by  deducting  tlie  amount  of  copper  and  silver,  il 

ftoy. 

b.  Alhyn  con/tistinp  of  copper  with  iron,  nickel,  cohaU^  tine,  and  bis- 
mulh,  t'fher  Hngbf  or  with  semral  of  them  at  once,  and  containing 
fre^vently  »fime  lead^  antimony^  and  arsenic. 

In  this  clues  belong : 

a.  Bifniuihiferffus  copper  rctlucod  in  the  assay  of  minerals  con- 
(«ining  bismuth  und  copper;  nit'ColiferouK  black  twp;»«*  obtained  by 
osflaying  certain  copper  refining  slags;  the  frequently  very  impure 
biaek  copper  and  the  liquation  rejfidues  obtained  in  the  treatment  on 
a  large  ecule  of  cuprifei*uuä  lead  mutt. 

ß.  The  black  cojtper  obtained  in  the  large  way  from  copper  ores 
free  from  lead. 

7.  Oemtan  silver  and  other  compounds  of  copper  and  nickel, 
wntaining  very  little  or  no  lead. 

a.  Refining  of  the  copjjer  containing  bismuth,  leadt  or  nickel,  ob 
tained  from  an  assay,  as  well  as  the  frequently  very  impure  black 
copper  obtained  in  the  treatment  in  the  large  way  of  cupriferous  lead 
matt. 

The  bismnthiferons  copper  obtained  in  the  copper  assay  from  min- 
erals containing  these  metals,  where  no  test  lead  was  added,  must  be 
treated  on  coal  alonü  in  the  0.  F.,  until  most  oQlihe  bismuth  has 
volatilized ;  then  a  little  lead  is  added  and  the  whole  refined  irith 
boracic  ucid,  when  the  trifling  residue  of  bismuth  likewise  »>parafea. 

The  black  copper  obtained  in  the  large  way  is  often  vVry  impure. 
and  contains,  besides  copper  and  lead,  iron,  nickel,  cobalt,  zuio,  anti- 
mony, arsenic,  etc. ;  it  is  very  brittle,  and  can  be  hammered  only  into 
easily  broken  scales.  One  ctr.of  it  is  melted  on  coal,  with  a  little  soda 
and  borax-glass  and  twenty  to  thirty  milligr.  of  test  lead,  to  a  button, 
which  ietheu  treated  with  one  dr.  boracic  acid,  exactly  according  to 
p.  443,  nntil  either  reduced  globules  of  lead  are  olMerved  in  the  /{lass. 
or  the  copper  button  is  covered  with  a  film  of  oxide  and  can  onlj'  be 
keptfluid  with  difficulty.  During  this  process,  lead,  iron,  antimony^ 
xinc,  arsenic,  and  other  easily  oxidizable  metals  are  oxidized,  with 
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»nme  nickel ;  the  metalfl  which  volatilize  with  diflSeulty  cnnibiiie 
with  the  boracic  acid,  while  the  others  partly  volutilize  uud  parllj 
combine  with  the  acid;  a  part  of  the  nickel,  however,  owing  to  id 
slight  capacity  for  oxidaMon,  n^niiiinpobstiimtely  with  the  copper  and 
causes  a  thin  film  on  its  surface,  hindering  the  refining  of  the  cojv 
pt»p.  By  continuing  the  oxidizing  process  this  film  of  protoxide  of 
nickel  is  indeed  taken  up  by  the  boracic  ncid  and  ihe  rest  of  the 
nickel  slagged  off,  but  not  without  losa  of  copper.  Tlie  remaining 
nlccoliferous  copper  mnst  tliereforo  be  fused  with  it«  weight  of  tc«i 
lend  and  subjected  to  a  new  oxidation  quite  similar  to  the  first.  The 
suHucc  ie  thus  increased  and  the  nickel  oskidized  with  the  lead  almuat 
without  luss  of  copi^er.  Sliould  tlie  sla;rt  however,  ho  red  and  Boiue 
copper  be  reduced  from  it,  after  removing  the  refined  button,  this 
must  be  collected  by  triturating  and  washingthe  sing,  and  then  drii?d 
and  weighed.  The  nickel  is  not  easily  reduced  unless  the  slag  is 
eaturnted  with  oxide  of  lead  and  nickel,  being  usually  only  reduced 
aflerward  by  using  a  Tcry  powerftilly  reducing  fiame.  Such  black 
oopiwr  being  frequt'ntly  rich  iu  silver,  the  aaiouut  of  this  metal  must 
be  aecertflined  and  dednct<'d  from  the  copper  found. 

After  learning  to  refine  such  a  black  cop])er  it  is  easy  to  refine  the 
plumbiferous  and  niccoliferous  black  cupper  button  obtained  by  a^ 
saying  a  cop(>cr  refining  slag.  Should  the  lead  present  not  suflice  to 
separate  all  the  nickel  a  second  addition  is  necessary. 

S.  Refitiiiig  of  the  black  copper  obtaimd  in  the  large  teat/  frotn 
co)tper  ores  free  from  lead. 

This  is  generally  combined  with  iron  and  occasionally  with  8<tme 
zinc.  BfOfts  being  a  similar  alloy,  although  containing  much  more 
nine,  will  be  included  here. 

Any  alloy  of  copper,  zinc,  and  iron  can  be  assayed  for  refined 
copper  like  plumbiferous  copper.  A  quantity  of  the  metal  is  made 
fine  and  one  ctr.  weighed  and  melted  on  coal  to  a  button  with  one 
or  one-half  ctr.  oft«8t  lead,  asthe  copper  contains  much  or  little  ziuc 
and  iron  ;  a  little  soda  and  borax-glass  being  added  to  the  charge. 
This  button  is  then  treated  with  its  weight  of  boracic  acid  ju£t  like 
any  plumbiferous  copper.  The  iron  and  part  of  the  xinc  oxid 
with  the  lead,  while  part  of  the  sine  is  volatilized  and  the  cof 
remains  alone.  Since  the  black  copper  in  question  sometimes  coo- 
tains  a  little  nickel  and  cobalt,  the  remarks  on  the  impure  black 
copjvr  above  must  be  regarded  here.  Any  copper  in  the  slag  may 
be  obtained  again  as  before  describod,  and  if  there  is  an  important 
amonnt  of  silver  it  mnst  be  determined  according  to  p.  -^44.  and 
deducted. 
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y.  The  ffpieiini nation  of  copper  ^n  presence  of  much  nielcel,  as  tn 
ffennnn  silver, packfongt  etc. 

The  copper  cannot  bTC  be  determined  accurately  by  reBuing  witli 
lead,  eincft  in  filngging  off  so  muoh  nickel  a  consideiuble  anioiiut  of 
copper  is  also  ehiggcd  uft  A  mctliud  ia  given  nnder  the  ussay  Hn 
nickel  and  cobalt  by  which  both  the  copper  and  nickel  in  siioli  alloys 
may  \»  d«^teriniiied  pretty  accurately  with  the  help  of  the  blowpipe 
:tnd  the  wet  way. 

c  Alloys  of  copper  and  antirttony. 

Hero  is  included  especially  the  aniimonxal  copper  obtained  in 

aying  totmhedrite  f<ir  cupper. 

Antimony  iu  combination  with  copper  alone  can  be  easily  volatil- 
ized on  coal  in  the  O.  F.  withoni  loss  of  copper.  The  copper  button 
is  placed  in  u  ciivlty  an  natural  coal,  or  u  ciial  cupsule,  und  kept  in  a 
melted  state  with  the  0.  F^  the  point  of  which  is  occasinimlly  di- 
rected A  little  to  one  side,  so  as  to  mlmit  air  freely  to  the  aüsay.  The 
antimony  then  volutilizes,  leaving  the  copper  behind.  When  there 
IS  much  antimony,  and  the  coal  ia  burned  away  go  that  the  metal  lies 
too  deep,  it  is  sometimes  ne(^essary  to  stop  the  process  and  complete 
the  volatllixation  of  the  antimony  in  a  freah  cavity.  The  purity  of 
the  cupjwr  \s  iudicatt^d  bv  its  bluish-givtn  color  ivhik-  melted  and  its 
•rae  copp'^r  color  when  cold,  as  well  as  by  its  malleabilily.  bljould 
theae  tests  not  be  satisfactory,  the  oxidizing  pnu-ess  must  be  repeated 
until  it  is  quite  pure,  when  it  is  weighed.  The  silver  genei-ally  pres- 
ent, if  it  has  not  tteeu  uhvady  determined  by  a.  special  assay,  must  be 
now  determined,  and  if  weighable,  dedncted  from  the  weight  of  the 
argentiferous  copper  button. 


d.  AUoys  of  copper  and  Hfu 

Here  ore  ranked  the  fiUoy  of  copper  and  tin  obtained  in  assaying 
stannite  for  copper,  and  among  artificial  products;  bell,  gun,  and 
epeculuni  metal,  as  well  as  bronze. 

Since  horacio  acid,  when  not  combined  with  oxide  of  k'ud,  meltfl 
with  difficulty,  and  has  no  particular  solvent  action  on  hinoxide  of 
tin,  it  is  advantageously  replaced  by  a  flux  which  is  easily  fusible 
and  dissolves  the  binoxide.     This  Hux  is  composed  of — 

100  parts  by  weight  of  soda, 
60      "      **        **        **  borax-glass,  and 
30      «      "        "        "  silicic  acid  (qnartz). 
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It  ia  best  to  molt  a  qnantitj  or  this  mixhirn  in  n  platinum  craoible 
aud  preserve  the  reeiiltiii^  glass  iu  a  well-clueed  bultle. 

Tn  refine  stanniferons  copjwr  ahont  sixty  milligr.  of  the  abrn-e  flni 
is  melted  to  a  beud  on  coal,  und  the  alloy  to  be  H^pamted  is  laid 
lieside  it  Fur  the  compound  obtained  by  reducing  stanuitc  the 
above  amount  is  repaired,  but  for  the  other  artitioial  prodact*  r«rty- 
flve  to  fifty  milligr.  is  enough.  The  bead  and  the  melul  are  fheii 
fbsed  with  the  R,  R,  so  that  thn  metal  muy  assume  a  rotary  mution, 
and  tbt'  moment  this  occurs  the  tlumc  is  made  some'>v1tat  more 
oxidi/.ing  »nd  directed  only  upon  the  ^1u68,  but  eo  as  to  ent  ofT  the 
accee«  of  air  fVom  it  as  mnch  as  possible  Tbc  buttoti  then  begins 
to  oxidize  and  the  oxide  of  tin,  which  13  mingled  with  protoxide 
iron  in  the  presence  of  iron,  i»  immediately  taken  up  by  tbe  gli 
In  case  of  copper  from  stannitef  which  through  imp^rlect  routing 
is  not  quite  free  from  sulphur,  the  sulphur  is  at  the  same  time 
removed;  but  if  there  is  too  much  sulphur  a  loss  of  copper  in  th( 
sing  is  nnavoiduhle.  It  is  then  necessary  to  miike  a  new  asun 
When,  however,  the  metitUic  compound  is  such  that  the  copper  can' 
be  Bcjwrated  pure,  the  following  poinU  must  bo  observed  during  the 
refining.  Unring  the  oxidation  of  the  tin  the  assay  must  bo  so  held 
toward  the  flame  that  tbe  alloy  may  always  he  iu  cunuict  with  the 
ooal  on  one  side  und  the  glass  on  the  other,  so  that  no  rapper  can  be 
oxidized.  Tbe  glass  is  capable  of  dissolving  considerutde  o.\ide  of 
tin,  and  the  process  is  continued  without  intemiptiun  until  it  it 
completely  »unrated,  which  is  indicated  by  the  appearance  of  little 
specks  of  reduced  tin  here  aud  there  in  the  enamt-l-like  glaas.  Cpon 
this  the  process  is  stopped  and  tbe  solidified  metal  removed  from  the 
still  8oft  slag  with  the  forceps,  and  transffrred,  with  the  trifling 
adherent  slag,  to  another  coal,  where  it  is  treated  with  sixty  milligr. 
of  the  flux,  just  M  before,  nntil  it  brgins  to  assume  the  r»»lor  of 
melted  copper.  When  this  appears  the  gla«  is  treated  with  a  mod- 
erately strong  and  not  too  spreading  ß.  F.,  until  tbe  metal  beside  it 
(to  »hicli,  however,  the  air  must  always  hare  free  accoss)  poweeSPB  j 
the  ohiuiiet eristics  of  pure  melt^^l  cupper.  Tbe  blast  is  now  imnifli^H 
diat^ly  stopped,  the  button  r*-moved  as  before,  and  first  examined  il™ 
to  color  and  then  us  to  malleability.  If  it  baa  a  true  copper  color, 
and  does  nut  cnick  when  beat«o  out  to  three  or  four  timed  its 
original  diameter,  it  can  be  rt'garded  ae  potx-,  and  weighed;  other- 
wise it  must  l>c  treated  with  twenty  to  thirty  milligr.  of  the  flax  as 
alwTe.  so  as  tu  refine  it  jierfe-^tly. 

In  this  pr».ceS8  of  separation,  which  indeed  requires  some  practice; 
nire  must  t>c  taken  lest  a  |)art  of  the  copper  become  oxidised  and  gu 
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into  tbo  «lag  with  the  tin,  which  is,  however,  very  easily  pcrwived, 
ibecuase  tlip  gnboxide  of  copper  gives  the  glass  a  brownish -red  color 
jwbfu  <MiM.  Such  a  slag  ia  treatt-d  a  lew  munu-nU  with  the  K.  F.,  to 
Ifttpurato  iho  copper,  whit^h  is  thon  united  with  tlie  button  by  the 
leide  of  Üiti  sUi^'.  The  oxide  of  tin  is  not  so  easily  reduced  unless 
Ithe  glass  is  snpL'rsutnratcd  with  if.  Some  copper  is  always  oxidized 
[while  reniovin-j  (lie  last  jHirLions  of  the  tin,  which  by  ciirffiil  treat- 
iDicut  amounts  on  the  avei-age  to  0.3  milligr.  for  2b  luilUgr.  of 
|Gopper. 

4.   THE  LEAD   ASSA7. 

The  quantitative  determination  of  lead  with  the  blowpipe  can  be 
[pcrfornK-d  in  two  ways.  The  more  complicateil  process  is,  however, 
honly  rfcommended  for  suhstancoa  containing,  besides  the  iead,  copper^ 
Iwbich  is  at  the  same  time  to  be  quantitatively  determined.  It 
Icnniists  in  firij:t  removing  as  fyr  us  |Hntsi!»le  tlic  volatile  constituents, 
\uB  snljihnr,  arsenic,  and  autiuiuny,  hy  roaäiiug  and  (lien  fusing  the 
Iroast^-d  product  with  soda  und  borax-glass  in  a  clay  crucible,  lined 
with  charcoal  paste,  by  which  the  oxides  of  lead  and  copper  are 
ftrducod.  while  the  earthy  matters  and  non-reducible  metallic  oxide« 

I  combine  to  a  e\8L^  with  the  soda  and  borav,  and  the  reduced  lead  and 
copper  separate  in  larger  and  smuUer  buttons.     SubslaucfS  free  front 
the  volatile  constituents  above  named  are  fused  without  roasting. 
The  cnprifemus  lead,  or  plnnibifcnjus  copper,  is  then  Wfighed  and 
treated  M'ith  boracJc  acid,  aocurding  to  pp.  443— i44,  when  the  copper 
remains  Whind.    The  simpler  and  shorter  process  consists  in  fusing 
all  plumbifernus,  and  at  the  s^iine  time  the  euprilVrous,  äubstunce« 
^  un roasted,  or  unly  ruasted  in  particular  cases,  in  unlinod  clay  cruci- 
Hliles  with  metallic  iron  and  a  fluxing  and  reducing  agent,  whereby 
the  lead  separates  in  a  button,  and  the  (.'artliy  niatters,  with  the  noD- 
reducible  oxides  and  the  sulphides,  are  slagged  oft*. 
■     The  plnmbiferous  niineralt,  ores,  and  products   can  be  classified 
into — 
A.  Those  containing  the  lead  us  sulphide. 
H     B.  Those  containing  the  lead  as  chloride  and  as  oxide,  free,  or  m 
the  form  of  slag,  or  combined  with  ncids. 

C.  Thoso  containing  the   lead   in    the  metallic  state,  combined 
either  with  selenium,  or  with  other  metala. 
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A.  Atuy  of  Miii«r&la,  OrM,  and  M«u]]iirgJcal  Products  cootAininf 
the  IfCad  u  lulphtde, 

FiBST  MrrnoD. 

The  substantvs  for  which  this  mctbuil  ia  t-spccially  suitable  are  : — 
III!  the  mintruU  cuutalning  Fulphido  nf  ]e:iA  mf^ntionnd  on  jv  *JA7y 
rt  xMj..  which  are  at  ihe  same  time  ctipriferona,  as  botirnonife, 
euprofthnitbife,  etc  ;  and  among  mctatlurgtcal  products.  }mrtioularlr 
CHyri/erotu  Uad  viail   and  pluutbifcrou»  atppcr  mixtU 

One  centiiorof  the  a^say  powder  i?  Tn-vd  from  volatile  constituents 
by  eareru)  roaatiug  ou  a  clay  capsule  lUiiuted  with  reddle,  as  in 
the  copper  a»ay,  p.  430,  with  tuldition  of  oharooal  dost.  B«sidc*8 
The  coal  about  fifty  milligr.  of  sekquioxide  of  iron  ia  added  to  «ib- 
staueea  wliicb  sinter,  or  fuae  together  euäily,  as  bouruouite.  etc 

When  tül  of  the  coid  has  been  con8iimt.*d  at  a  low  red  heat  (enl- 
phide  of  load  may  easily  be  volatilised  by  a  stronger  beat),  and  no 
more  fames  of  votatile  constituents  can  be  observeiU  the  capsule  ti 
removal  and  the  ore  rubbed  in  the  mortar  aud  mixed  with  twice  its 
vnliime  of  fxvsU  coal  dust,  after  which  it  is  replaced  in  the  clay 
r«pstili^  and  roo&ted  the  second  time.  When  the  fresh  coal  take«  tiro 
ihe  presence  of  Tolatiliiing  constiluenta  is  (^nickly  testt-d  by  smelling» 
and  in  coao  a  oonaiderable  qmintity  of  them  ia  detected  the  coal  is 
allowed  to  nonsnme  at  a  modemto  red  beaU  after  which  it  ia  again 
rnbbe<l  in  the  mortar,  and  if  necessary  roasted  a  third  time  with  ooaL 
AUbongh  seldom  oceurring.  the  third  roasting  is  unavoidable  when 
the  soi^stance  to  be  assayed  for  lead  coDt;un8  metallic  solphidea  and 
arsenides  which  are  decomposed  with  difficnity.  If  after  the  second 
addition  of  coal  the  substance  evolTes  no  odor  while  the  coal  u 
f(lowing,  or  only  a  feeble  odor  of  snlpbarons  acid,  the  assay  may  tie 
regarded  as  well  roasted«  after  the  coal  has  been  slowly  burnt  out 
(Vom  the  ore.  Lnstrons  particles  of  onoecompoaed  salpbides  tnuit 
not  be  present,  bnt  the  whole'  mass  should  bare  a  dall,  «girtliy 
aiipearanoc,  and  must  lie  in  a  porotis  state  on  the  caprale. 

Tbc  roasted  aasay  is  charged,  for  the  reductioa  of  the  oxide  of  lend 
in  it,  with— 

100  milligr.  soda  (aafatdroiu}. 
30-40      *       borax-glML 

The  soda,  in  common  with  the  coa]  which  anrrunnds  ine 
during  (he  FutioB,  neb  as  a  redvcittg  agent  on  the  oxide  of  fcswl, 
chiefly  throngh  th»  Ibmatioa  of  enrboaio  oxidei  and  at  ibe  sam«^ 
time  take«  np  the  snlpharie  acid  Ksuiniug  with  the  roasted  oxidea» 
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Mpwiallv  the  o.xiile  of  leiul,  forming  sulphide  of  soilinin.  Any  other 
reducible  melallic  oxides  arc  S('purate{i  in  the  mdullic  stAti?,  and  lb« 
others  are  hronght  to  the  lowest  stage  of  oxidation  and  then  g'o  into 
the  sing.  The  borax  prevents  tlie  soda  from  sinking  into  tht  wil 
lining  and  dissolves  the  non-reducihie  oxides.  The  amount  given  is 
genemlly  Buflicient  to  form  u  perfectly  tliiid  slug;  bnt  iu  case  many 
earthy  matters,  or  bodies  to  be  converted  into  slug,  are  present,  it  is 
weil  to  increaae  the  amount  of  horux^glnss  to  fifty  milligr. 

Both  of  the  fluxes  are  mixed  with  the  roasted  ore  iu  the  mortar, 
and  then  poured  into  the  mixing  capsnle  and  transferred  to  a  snda- 
paper  cylinder,  as  in  the  preceding  assays.  The  cylinder  is  not' 
chMcd  by  pressing  the  comers  of  the  empty  part  ujiward  aOer  rolling 
it  together,  as  in  the  copper  or  silver  assay,  but  downward,  so  as  to 
lie  upon  the  filled  portion,  in  onler  that  the  jirnippcd  np  assay  may 
rather  have  a  hemispherical  shape. 

It  is  then  placed  in  a  clay  crucible  lined  with  coal,  Fig.  31,  p.  20, 
which  must,  however,  be  thoroughly  dried  as  soou  as  it  is  made. 
The  assay  is  then  covereil  wttli  so  much  fine  charcoal  dnsr,  that. 
when  the  clay-roasting  capsnle  which  serves  as  a  cover  is  laid  in  an 
inverted  position  upon  the  cnicihle,  the  whole  space  between  the 
capeutc  and  crucible  is  filled.  During  this  operation  the  rnicihie  is 
set  on  tlie  cnpcl  monld,  Fig.  41),  /^  (i-  ^JH,  or  on  n  tripod  of  iron 
wire.* 

The  coul-holder  is  provided  with  an  iirtificial  or  naturiil  coal,  hut 
only  an  opening  for  the  flume  is  boR-d  in  this  with  the  borer,  Fig. 
48,  p.  38,  without  cutting  it  out,  as  is  necessary  for  rlu-  roasting, 
and  the  alii  in  the  coal-holder  is  closed  with  the  ecrceu  of  sheet-iron, 
A.  Fig.  53.  The  platinum  wire,  on  which  the  crucible  is  to  rest,  is 
set  in  without  the  shield,  since  the  crucible  protects  the  &)ttl  ftwm 
being  too  rapidly  burned  through.  The  full 
crucible  is  now  placed  in  the  ring,  Fig.  83,  eo 
as  to  leave  a  space  between  it  and  the  coal  all 
around,  and  especial  care  mui^t  be  taken  that 
the  lower  part  of  the  crucible  may  be  dis- 
tinctly seen  through  the  oi^cning  at  ff,  and 
not  only  the  point  of  it  The  clay  capsule  is 
placed  upon  the  crncible  and  the  whole  cov- 
ered with  a  natural  or  artificial  coal  prism. 
Fig.  19,  ff,  p.   18   which  tits  into  the  coal-  Pijr.ea. 

holder,  being  held  by  the  projecting  sides, 

*  A  imiUl  piece  of  gu-pipe  of  »tiitablf  (linmctcr  fonns  a  Tcrjr  oonvcDlent  atand  ta 
CherJaj'  cruriblc  in  (his  nnd  »imilHr  operation''.     [Tninsl.l 
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atnl  li:iH  oil  its  tiintM-  ctirfacc  u  cuvity,  o.  atid  an  opv-ninj,  jp,  four  mil- 
liin.  wide.     (Tht.*  pliiliiium  wiiu  may  be  replaced  by  irou. — Tmnsl.) 

Afkr  arnuiging  t^verything  thus  and  providing  the  blowpipi'  with 
ft  tip  liaving  not  too  narrow  an  apertiirc,  a  strong  0.  F.  is  dincted 
through  the  hule  a  in  a  horizontal  diri>ctioii,  do  tliut  the  blue  jmint 
of  iUv.  tiiiroe  is  still  soen  ontsiüe.  The  temperatiirt*  increaärä  ^i 
rapidly  from  below  tbut  utter  u  few  minuter  a  little  flume  of  bnrning 
carbonic  oxido  is  seen  at  (?,  Fig.  83.  If  the  coul  is  not  too  hard  or 
dense,  in  which  case  only  can  the  proper  heat  be  produced,  the  most 
refractory  assay  will  certainly  be  fused  after  blowing  unJnterrupli-dly 
for  eight  minutes.  After  that  time  has  pju^scd  the  blunt  is  stoppi-il, 
tliu  coal  cover  reraored,  and  the  wire  seized  with  the  pliers  at  n. 
Fig.  &5,  p.  41,  so  as  to  raise  the  covered  cnicible  and  set  it  on  fhv 
tripod,  or  other  stand,  to  cooL 

In  a  snccessful  assay  there  should  be  no  coat  of  oxide  of  lead 
visible  on  the  upper  side  of  the  coal  cuvcr  near  the  opening,  wliieh 
would  iudicute  su  t^trung  a  heat  that  some  lead  wa^  volatilixtd. 
Moreover,  the  fused  assay  must  lie  as  a  perfect  ball  at  the  buttom  of 
the  linwl  crucible,  und  be  easily  removed  witli  the  forceps  from  thi* 
iilmost  uninjured  coal  lining.  It  happens  very  rarely  that  the  lead 
forms  one  button,  hut  it  geuemlly  lies  in  the  slag  in  seveml  separate 
buttons,  large  and  small.  The  slug  is  broken  coarsely  between  paper 
on  the  anvil,  and  poured  into  a  porcelain  dish,  when  the  larger  but- 
tons, free  from  slag,  are  picked  out  and  the  slag  waahed  from  tkr 
remaining  lead  buttons  by  carefully  triturating  it  with  the  ag«t< 
pestle  aud  pouring  it  off  with  the  water,  reiwating  the  oi»eration 
until  all  of  the  slag  is  removed.  The  remaining  lead  is  then  dried 
in  the  porL'elain  vesseL  ähould  the  previously  removed  larger  bat- 
tona  not  be  free  from  slug,  they  must  be  beaten  out  on  the  anvil, 
cleaned  with  water,  dried  with  the  others,  and  wi-ighed. 

When  the  roasting  was  carefully  performed,  the  reduced  lead  can 
only  contain  cojtper,  «i7trr,  bismutk,  and  anlimony.  The  copper  a 
fonnd  by  fusing  the  lead  buttons  together  on  coal  with  borus-gloaa 
aud  treating  them  with  borauic  acid,  acconling  to  p.  44",\  The  tihrr 
is  then  determined  by  cupelling  the  resulting  cupper  button  with 
fifteen  times  its  weight  of  test  lead.  Should  bismuth  be  pi-itwul  in 
the  sulistance  assayed,  as  well  us  lead  and  copper,  it  \i  W'St  to  make 
two  assays ;  one  serving  to  determine  the  copper  iu  the  alloy,aa  well 
as  the  combined  weight  of  the  bismuth  and  lead,  while  the  other  if 
performed  to  determine  the  amouut  of  the  lead  and  the  bismuth  lu 
the  following  way :  The  larger  buttons  produced  are  flutteu^d  out 
and  fused,  together  with  the  smaller  ones,  in  a  poroelaia  tcssoI,  Fig. 
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62,  )h  43.  oiP  of  the  smaller  onos  there  describe*!,  with  about  tweut5 
times  tJieir  wnight  of  bi3ul[>hure  <i!"  iMJtussu,  over  the  spirit-1am]i, 
nntil  the  slluy  in  oxidised  and  cnmbine<l  vith  the  «ulphuric  acid. 
More  of  the  «ilt  is  »dded  if  nectsj'ary.  The  fused  miisa  is  then 
fnrthtr  treated  as  will  be  de8crib<d  iiuder  the  qunncitativc  Ijismntb 
iiääity,  and  the  sulphate  of  lead  collected  on  a  filter,  dried  thoron^hly, 
wuighwl,  and  the  lend  calculated  ;  one  hnndr<'d  parts  of  the  sulphate 
(Hinluin  fi8.3  parts  of  lead.  By  deducting  this  and  the  weight  nf  the 
rvßned  cujipir  obt^iined  from  the  other  lusay.  the  amount  of  bismuth 
ig  obuitiwl,  at  Irtwt  approximately. 

W'ht-n  thf  assay  contains  antimony,  only  the  greater  part  of  i(  ia 
n-movt'd  by  roastiug,  and  a  little  remaiue  and  is  reduced.  The 
antimony  in  such  an  ulloy  can  be  qualitatively  detected  by  treating 
it  on  coal  in  the  0.  F.,  when  it  forms  a  white  coat  of  oxide  of 
anfimniiy.  The  qnantitAtire  determination  could  only  Ix*  made  in 
the  wtt  way,  and  would  not  be  very  feasible  on  account  of  the  small 
quantity  prt^seut  Äutimony  is  oxidized  by  the  fusioti  with  bietil- 
phate  of  |x>tas)i>a>  hut  not  separated  from  the  lead. 

Finally,  it  must  be  remarked  that  in  treating  by  this  prooees  sub. 
stances  containing  sulphide  of  lead,  the  amount  of  lead  obtuined 
is  alwiiys  from  one  to  tlireo  per  cent  too  low,  because  during  the 
roasting  the  lead  is  chiefly  converted  into  basic  Buli)liate.  which  is, 
indeed,  decomposed  by  the  soila,  but  in  consequence  of  thi-  formation 
of  sulphide  of  sodium  some  8ul]ihide  uf  lead  also  reenlts  and  goes 
into  the  slag.  The  loss  can  even  increase  if  the  i'usion  is  coniinned 
too  long  at  a  high  temperature,  because  then  some  lead  is  liable  to 
be  TolatiliKed. 

SECOND   1IETU0I>. 

The  eobstances  which  can  be  assayed  by  this  method  are: — all  the 
compounds  conluining  6ut]>hide  of  lead  mentioned  on  pp.  :257-^ö8; 
among  ores  dressed  on  the  large  soaie.  gnletias  and  all  lead  ores 
mixeil  with  other  metallic  eiilphitli*»  and  arsiMiidcs;  amuiig  motjd- 
lurgioal  prudiicts,  esjtecially  lead  mutt,  and  pUtmhiferous  cntimia 
(Ofenöruc/i)f  as  well  as  Uitd  ^l/t^s  and  HohnchUicIcfn  (ram  shig^). 

One  wutUL-r  »if  tlie  assay  puwder  is  poured  at  once  into  a  clay 
crucible,  Fi;».  30,  \\  24,  provided  it  contains  little  or  no  antimony. 
If  it  contains  a  notable  amount  of  antimony  it  is  previuusly  n^asted 
in  a  clay  capsule,  either  alone,  or,  if  necessary,  with  addition  of  fifty 
milligr.  sesquioxide  of  iron,  but  no  chaiToul  duRt,  at  a  gputle  lual, 
according  to  p.  W6,  until  tlie  fumes  of  oxide  of  antimony  eras«. 
Then  the  requisite  Huxing  and  reducing  agents  are  added  as  follows 
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1.  Metallic  iron  in  ihe  form  of  wire,  the  thickness  of  a  modorab 
conrce  knitting  needle;  according  to  the  amoant  of  metallic  et 
pfaides  preseat  uud  the  pnjportiuu  o(  äiilphur  thev  conttiin,  the  piece 
employe*!  raries  from  twenty-five   to   tifty  milUgr^  and  it  ib  laid 
directly  on  the  weighed  Bubütaaec  in  the  crucible. 

2.  An  ulktiliu«  fluxing  and  rednein^  agent  (PUttner'ci  Qux),  cuaH 
nsting  or  e<)ual  t-(|iiiTuU>iiLä  of  anhydrous,  cairbonateä  of  soda  aafl^ 
potusea,  with  borax-glasti  and  stttrch-powdcr  in  the  followitig  pro- 
portions:— 

10  part«  by  weight  of  carbonate  of  stnla, 
13      «      «        "      '*  •*         "  iwtiissa, 

5      "      "        u      u  powdered  bunix-gluss, 

iS      *•      «        u      it  ^j.y  alairch -powder. 

These  ingredienta  are  cari'fnlly  mixed  in  a  sparions  mortAr  am 
then  prt^ened  in  u  well-closed  bottle.  If  no  niortar  i«  at  hand  tl; 
ingivdients.  w1k-ii  fine  enough,  can  Ix;  mixed  by  ehaking  theui  ti 
gethf^r  in  a  corked  bottle.  Three  hundred  milligr.  of  Ihia  t&n)i 
fusible  flax  are  poured  directly  upon  the  aubstanoe  and  the  i.ou 
the  crucible,  and  the  whole  is  core  red  will»  three  lu-aped  »[Kxmfü 
of  dccrepitaU'd  commim  wilt,  |».   51,  or  aUjiu  six  hundred  milligr. 

Fifry  to  eighty  milligr.  of  pure  silrer  in  oou  button  are  add<^ 
iiiibstances  cootainiug  only  a  little  lead,  in  order  to  collect  the  li  it 

During  the  fusion  of  tiic  assay,  the   iron  aervca  to  «ejiiirute  tin 
aolphur  and  arsenic,  the  latter  beiug,  however,  getienilly  volatile ;  tli 
alkaline  carbonates,  with  the  borax,  bptvo  to  form  the  Blag  and  dis«.d 
the  earthy  mutters,  with  such  metallic  &nlphides  as  are  not  d«-*c*) 
poaed  by  iron,  as  well  as  to  take  up  the  greater  part  of  the  sulpbidi 
of  iron  formed;  the  starch  acts  ns  a  reducing  agent,  in  common  wit 
the  carbunatea  of  the  alkaliee,  while  the  salt,  being  very  fluid  whei 
melted,  and  having  no  tendency  to  combine  with  the  slug,  serves 
u  cover,  so  that  the  seimrutt;!  reduced  K-ad  buttons  can  more  casil 
unite  into  one.     The  substance  to  be  assayed  might  be  mixed  wtcl 
the  flux,  but  thru  little  globules  of  lead  are  liablu  to  cnme  to  th 
surface  of  the  slug,  and  the  union  into  one  bnttou  is  retarded.    Whe 
however,  the  subst^mcc  consista  chiffly  of  substances  that  mast 
slagged  off,  such  a  mixture  is  to  be  recommendt'd. 

Vor  the  fuäion  a  ooal  is  ])repared  in  the  cual-holder,  regarding  a 
the  details  mentioned  on  p.   18.      The  crucible  is  then  set  ou 
wire  ring  without  any  cover,  the  perforated  charcoal  cover  is  plaw 
above  it,  and  a  strong  0.  F.  directed  iuto  the  opening  a  iu  u  lioriio 
tal  direction,  so  that  the  point  of  the  blue  flame  remains  just  out^  ' 


i 


I 


I 


ASSAY    01'   )lI2ii£UALä   CUNTAlXlNO    LEAD  AS  SULPHIDE.      155 

Biile,  while,  for  the  most  pjirt,  only  tho  glowing  guseons  prodncU  of 
L-<tMihujtJc»u  «.Miter  thu  hulJov  coul.  The  crucible  intint  uül  be 
loufhctl  dirt-ütl)-  by  ihe  Qamt',  or  t-lse  thu  high  temperature  »t  tbut 
itl>ut  will   cjiitse  it  to  be  attAcked  und  perfu- 

rttt«d  by  the  alkalies.     The  beat  spreads  ijuite  

rupidir  when  the  cuul  Is  nut  too  di-nse,  and  lW«Jtf -il^ 

after  blowing  live  or  six  miuutes  at  the  uiosl, 
the  assay  la  perfectly  fused.  Even  after  tho 
first  miuate  the   uoise  cansed  by  the  lively  \ 

evolutiuii  of  gas  from  the  actJon  of  the  sub-  |;_^ 

»taocoa  in  the  crucible  can  be  heard,  and  eo 
luD;;;  us  this  iä  distinct  tlie  blutit  niu^t  on  no  Fig.  h. 

uccuunl  be  strong,  or  the  evolution  of  gas  will 

becomL'  too  lively  »nd  cause  the  charge  to  overflow.  After  the  noise 
ceaaea,  huwever,  a  strong  blast  niuät  be  kept  up  for  at  K-ast  one  or 
two  miuuttrö,  and  the  puiut  of  the  flame  directed  very  particularly 
towarC  the  lowest  point  of  the  crucible,  if  a  correct  qtmntitutivir 
detcrniinatiou  of  the  U-ud  is  dcsiivd.  After  stopping  the  blast  the 
coal  cover  U  rtmoved  aud  the  cuaI*holder  slrnck  on  the  side  with  the 
handle  of  the  forceiw,  bO  tliat  the  little  lead  globules  which  may  still 
be  (K^ittCArd  about  the  biirder  of  the  crucible,  or  the  surface  of  tbt 
filog,  "^aay  sink  and  combine  with  the  main  button.  The  slag  should 
be  aa  duid  aa  water  at  tbiä  time.  The  crucible  is  then  IilV*d  out  and 
aet  on  its  stand  lo  cool  for  some  minutes,  until  it  cnu  be  held  in  the 
Uugvi^  when  it  is  carefully  broken  with  the  bummer  on  the  anril, 
and  the  lead,  with  the  iron  adhering  to  it,  sejiarated  from  the  slag* 
The  lead  in  linn  held  with  the  foreepö  on  the  anvil  so  that  the  irou 
is  on  top,  and  this,  which  is  »ometiuies  Biirrouudeil  by  sulphide  of 
jr<»n  in  caac  of  very  pyritifcrous  ores,  is  detached  by  a  few  light 
strokes  of  the  hammer.  Any  adhering  portions  of  slag  are  i-emoved 
fi'oni  the  lead  by  hammering  it  gently  between  moistened  HIter-paper, 
after  which  the  button  is  weighed. 

In  this  second  process  the-furaiation  of  alkaline  sulphides  cannot 
be  uvoidfil,  and  thiTL-fure,  in  g]>ite  of  the  addition  of  iron,  a  little 
sulphide  of  leud  also  goes  into  the  slag,  and  the  n'sult  is  alwaya 
somewhat  too  tow,  as  in  the  first  process  and  likewise  in  tlic  dry  assay 
on  the  hirge  scale. 

If  tho  iubstanCe  is  supposed  to  be  argentiferons,  the  lead  button 

*  The  rniiilitn  is  wry  rvadWy  ilividM  iiitu  halvüs  bv  luring  it  ufion  rbc  nnvtl  anil 
«triMnj;  ll  with  the  nhnrp  aigv  of  the  hntumcr  »loni;  ilic  Htilc  riJgt'  furmctl  ly  llie 
IittprrTrct  jaticiiuii  uf  iIk- (»ec*  or  lb«  mould.  The  K-aü  huttua  wUl  dways  be  fuiiDil 
idbvriiig  iti  the  lower  ^t  of  one  of  the  hilvcs.     (Tr&nil.t 
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»buulU  be  cuin.'lle<I  und  the  weight  of  tbe  stiver  deducted.  If  the 
snbgtuuce  uEäin'fd  congisted  uf  pure  galeuu  tbe  silver  t-hna  fuoad 
weighs  tbe  surae  as  tliut  obtained  hy  a  eptciul  silver  assay,  buL  it  in 
too  little  ir  the  snbetauce  ooutuins  urgeutiferouÄ  pyrite«,  or  uthcr 
urgtiiitiferons  eiilphides. 

A  tritliug  umouBt  of  sulphide  ofco]j>er  in  tbe  pliimbifr-roas  eiib* 
Hianc^  giK'S  into  the  ulkulinc  slug,  bnt  if  coiiäid(-mble  of  it  in  present, 
or  tb«  c*>piH.'r  iä  iu  tlie  oxidized  elate,  und  iJiere  id,  moreover,  a  lack 
of  nierallic  Kuljibidt^  more  or  Icsä  ei>p|H.'r  uhvays  goe-ä  into  the  lead. 
In  tliit)  case  it  i:»  nect',ssury  to  treat  the  teud  with  borocie  ueld,  occonU 
ing  Id  p.  444.  und  lo  deduct  the  weight  of  the  resulting  copper  (rum 
timt  of  the  cupriferous  lead.* 

Wlien  the  substance  contains  only  one  to  ten  ]jer  ceuL  of  lead,  it  u 
difljeiilt  to  üeimrato  ihe  lead  button  from  tlie  iron,  so  as  to  weigh  it 
accurately.  In  Ibis  case  fifty  to  eighty  milligr.  uf  silver  is  udded,  in 
smuil  clippings,  or  iu  one  or  several  biittona,  and  tlic  lead  combine« 
with  tliis  to  u  button,  which  is  so  hirge  that  it  cau  be  eusily  separated 
from  the  iron.    Thu  incrtioso  of  weight  gives  the  umonnl  of  Icad- 

B.  Mioerat«,  Ores,  and    ProdacLi    containing   the    Lead    in    the    atate   of 
chloride  ai  well  as  of  oxide,  free,  as  slag,  or  combined  ivlth  aoidi. 

Here  are  included  cMoride  of  leadp  as  well  as  combination«  of 
»side  of  lead  with  phosphoric,  ur^eiiict  »ulphuric,  cttritvnic^  aceJioi 
ivnadie^  molybdic,  tuug»tic,  and  chromic  aciiis ;  further,  liUuirtje^  i 
«trich,  and  cupel  bottoms,  and  tdl  sorts  o( plmntfifcrous  gia»96*. 

These  compounds  may,  indeed,  be  assayed  wcordiug  to  tbe  tirst 
method  on  p.  400,  the  rotisling  being  only  jK-Tlormtd   when  utlier 
metallic   snlpliates    are   present,  or  wlien    metallic   8u1]>hides    au4 
arsenides   are   internuuglcd ;    tbe    second   method  is,  howcveXt  ittt^ 
simpler,  and  equally  reliable. 

One  ceuLuer  of  the  substance  is  poured  into  a  clay  cmcible,  and 
twenty-five  to  thirty  milligr.  of  iron  wire  added  in  one  piece.  Tbrte 
hundred  milligr.  of  thefluxjngand  rorfucing  agent,  p.  4Ö4,  and  twenty- 
five  to  thirty  milligr.  of  additional  starch-iHJwder,  are  then  mixed 
directly  in  the  cniciblu  with  the  substance,  with  the  ivory  spoi>n-tuindle 
or  the  small  ii'on  spatula.    The  mixture  is  then  made  as  compact  as 


*  In  rasii  wbcrc  the  prcM-Doe  of  consiilßmbte  anttnuMir  nccoaitalca  pnTimiDarr 
Toviinj*,  ATiil  a  triflins  qitaniiiy  of  copper  nmy  be  pn:«vni,  tliu  can  be  ^irrvcntfil  rroni 
suini:  intu  the  leud  t>y  mixing  ibe  roosicd  a>i«ar  flnt  with  one  hundm)  mHli^r.  of  «ulphu 
in  llie  cniriblf.  and  tinitin^  it   to  low  mlnets  b  Die  *i|uaro  coal,  until  iIk  l>lue  AanMi 
.vaic^.     Tbe  uxiilo  »f  iwppa-r  formed  daring  tbe  ruatting  i>  tbus  tnuufunnul  üubJ 
BulpbiUc,  whtcb  gocn  irto  the  stag. 
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tK)e«ib1e  by  striking  the  crucible  carefully  upon  the  tabl«,  and  three 
tieapt'd  gpiionfuls,  or  about  eix  hundred  milligr.  of  comman  sole 
mldi'd  aa  a  cuver. 

Ac  a<lditian  of  fifty  to  eighty  milligr.  of  pure  eilvcr  is  rctiuirt-d  for 
i\&g&  aud  gubätuucoa  contaiuing  little  lead.  The  fusion  is  pt^rformed 
iu  prccis*'ly  the  same  niaiiDcr  tis  before  described,  Tlie  alkjihne  th\x 
senes  to  deoompu^je  the  lead  tsults,  und,  iu  common  xvith  the  starch, 
to  reduce  tlie  oxide  of  lead  and  other  rc<lncible  ingredieutd,  while  it 
forms,  in  rommon  viLh  the  borax,  the  necessary  shig.  The  irou 
serves  chietly  to  prereut  ouy  sulphide  of  lead  frum  going  into  the  slag, 
in  caav!  it  should  be  formed  from  suliiliatc  of  leiul  pre^cut 

If  the  äubätanües  beluugiug  here  are  uot  free  fixjm  a  triJliug  aniouut 
of  copper,  the  assay  can  be  sulphurized  before  charging  it  with  the 
fliix  and  redueuig  ageut,  according  to  the  uote  on  p.  4A6. 

O.  Minerali  cootaJnJng  tha  X<«ad  in  the  metallic  atato,  oorablaad  aithar 

I  with  Selenium  or  with  other  meUli, 

In   this  class  belong  clauslhulUej  tUkerotiite,  zorgilCf   UkrbachitCt 
aUaitt,  nagt/agitfff  aud  mätlerite. 
These  minerals  can  he  most  simply  assayed  iu  an  nnlincd  clay 
crucible.     One   centner  of  the  finely   pulverized   mineral  is  mistnl 
directly  in  the  crucible  with  three  huudreil  milligr.  of  the  tluxiug  and 
■  reducing  ageut,  twenty-five  to  thirty  milligr.  of  ii-ou  wire  added  in  one 
piece,  as  a  preoautiouary  measure,  the  wholf  compaett.'d  by  striking 
.      the  crucible  carefully  against  the  table,  aud  then  three  heaped  8[k»ou- 
K  f^ils  of  salt  addf-d  an  a  cover.    The  fusion  is  madu  just   an   liefure. 
^  The  compounds  of  lead  with  selenium  or  tellurium  are  detwnpoeed, 
alkaline  seleuides  or  telluridefl  being  formed,  and  the  lead  liberated. 
If  ihe  minora]  likewise  contains  nu-'tallic  äulphide^,  then  sulphides 

»uf  sodium  and  potassium  are  also  formed.  After  the  fuiii-d  a^say 
ia  cold  the  crucible  is  broken,  and  the  separated  lead  detached 
from  the  ir«:»u  and  slag.  The  lead  need  only  be  cuimjIIocI  iu  «tnler 
tu  determine  any  silver  or  gold  combined  with  it.  When  con- 
sidenible  cupjKr  is  present,  the  lead  button  is  unavoidably  cupriferous 
and  must  then  be  refine<l  to  determine  the  copper. 

6.  THE   BISMUTH   ASSAY. 

Bismuth  generally  occurs  in  nature  only  in  the  native  slate,  but  it 
is  also  found  in  combination  with  tellurium,  as  seen  iu  the  composi- 
tion of  the  blsmuthiferous  minerals  on  pp.  :J7ä  und  X'Tlt;  also  with 
sulphur,  both  alone  aud  in  combination  with  sulphide«  of  copper,  lead. 
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ftnd  othtT  metals,  ai.d  soidö  rare  mineraU ;  likewise  in  the  oxidised 
«tale,  |«u-tly  free  aad  partly  willi  carbüiiic,  phosphoric,  and  silicic  acid& 

In  nieuillui^ical  products  it  Bomctinies  fomis  a  ooiutitncnt  of 
cotfolt  fi])ei8d  fi\iiu  tlie  uiaimtacturc  of  smalt,  and  of  iiickel  si>eifia  from 
the  smelting  of  bJsnnithifcroiis  nickel  ores,  etc.  In  purifying^  witb 
dilute  hvdruchluiie  acid,  the  impuiv  oxide  of  tin  ore  i-utiätwi  on  the 
large  scale,  and  containing  bifimnth,  which  is  conTcrtod  into  oxide  br 
the  mafitiug,  ImiäIc  cliloride  of  bismuth  is  obtained,  which  is  rendcml 
more  or  Ifss  impure  by  other  snbg1an<v's,  as  earthy  matters,  tine 
])arti('icä  of  oxide  uf  tin,  etc.  The  same  äolt  is  obtaini'd  in  extracting 
bismuth  by  th«  wet  way  from  thu  silvor  retining  hcarlli- 

The  minrriiln,  ore«,  und  producU  to  be  assayed  for  bifimnth  can, 
therefore,  bv  elasHiIied  thus: 

A,  ouch  as  contain  biümnth  in  the  metallic  state;  cither  mixed 

only  with  earthy  substanceü,  or  arsenides  of  colult,  nickel, 
and  imu;  or  else  chemically  combined  with  tellurium  or 
silver. 

B.  Thijse  in  which  the  bi£mutfa  occurs  as  snlphide,  either  uloue  or 

chemically  combined  with  other  metallic  snlphideä  or 
iirseiiidcs. 
C  Those  contaiuiug  the  bismuth  aa  oxide,  free,  or  combined  with 
curhüiiic,  phodphoric,  or  silicic  ucidu,  ctc^  and  |K)6sibly 
mingled  with  usidi'a  of  c<jp|KT.  niekel,  and  cubuU,  or  their 
salu;  or  else  containing  the  bismuth  combined  witUchlorio«^ 

&.  Antuy  of  Minerala,  Ore«,  aad  ProductH  containing^  Ihn  BiBmath  In  Um 
mc-tallic  iiUte,  «ither  mixed  only  wilh  earlby  HubsUuiceii,  or  anaiUdM 
of  CobaJt,  Nickel,  and  Irani  or  else  chemically  conblned  with  Tel* 
liuium  or  Sel«uutn. 

In  this  class  l)elong  all  cohali  and  nickel  ore*,  dreswd  on  the  lar^ 
Bcnie,  and  containing  an  udniixtare  of  native  bismuth;  anmng 
minernli»,  mi/i've  bt'timvth  disseminated  in  csirthy  gungufs,  tetrad ifmitt, 
JosSttc,  and  wehrliie ;  umong  metallurgical  product«,  the  vobaU  und 
nickel  jipetsseg. 

One  centner  of  the  jxiwdered  snbstanco  Is  weighed  out,  and,  if 
necessary,  prejiared  for  the  fusion  aa  fullows: — Cobalt  and  nickl^l  ores 
dresäed  on  the  large  scale  and  containing  these  metals  cunibint-d  with 
so  much  aräenic,  thnt  they  give  a  sublimate  of  metallic  arsenic  in  Uiv 
closed  tube,  and  therefoi'e  contain  more  ai'senic  than  the  oombinatiuu 
(Ni,  Co)*  As,  mu.st  be  freed  from  this  excess.  TlVlien  the  substance  ic 
be  assayed  consists  of  such  un  ore,  the  weighed  quautity  is  {Mmicd 
into  a  cluy  crucible,  which  is  placed  on  a  proper  support,  and  is  to  be 


KIMERALa  COMTAUriXO   HifTlXUO  Bl&XUTB. 


WJ 


subsequently  nsa\  for  the  fusiuu  alsa     The  crucible  is  then  pnt  into 

»a  S4uans  coal  tixed  in  ihe  cuul-hulder,  uud  to  which  a  riug  of  iron 
hire  is  BubstitutAMl  for  the  similarly-shaped  )ilatinum  vire,  p.  40, 
just  Oä  deecrihed  under  the  fiisiou  of  a  lead  ussay.  p.  451.  The  craci- 
hie  is  ihe«  covert;d  with  a  clay  capsule  and  the  whgle  with  a  ijcrfo- 
ruted  euut  cuver,  the  hlowpipc  ilamc  being  directed  throngb  the  hole  in 
the  coul-holder  as  before  described,  so  as  tu  bring  the  iuteriur  uf  the 
Cüul  and  the  crucible  to  a  dull  reduees.  The  excess  of  arsenic  then 
escapes,  and  tlie  substunce,  when  rich  in  metallic  arsenides,  sinters 
t-jgelhor  more  or  less  strongly.*  When  the  fumes  cease  to  ascend  tho 
blucii  is  stopped,  the  wire,  tuguther  with  the  crucible,  removed  with 
the  jtliers,  as  described  in  the  lead  assay,  p.  4öl,  and  ulloucd  to  cool 
with  the  cover  on,  so  us  to  prevent  access  of  air  and  roasting  After 
remuviug  tlie  euccesa  of  aj-seuic  by  this  gentle  ignition,  tiie  assay  is 
ready  for  the  fusion. 

When  the  substance  is  cold,  a  piece  of  iron  wiro  weighing  about 
thirty  niUligr.  is  added,  which  iß  iudis{)ensable  for  the  thorough  de- 
c»m}K>äition  of  the  suljihide  of  biümtith  und  the  saturation  of  the 
mL'tullJu  sulphidcä  and  arsenides,  wliich  cannot  be  decuni]xjsed  by 
the  fusioq.  Further,  in  order  to  collect  the  bismutli  sciiurated  during 
the  fuKJnn,  and  to  strpanite  it  after  the  fusion  from  the  simultaneously 
lilK-ratcd  metallic  arsenides,  and  the  excess  of  unalteii-d  irou,  so  that 

»there  may  be  no  mechanical  loss  of  the  brittle  bismuth,  fifty  to  two 
Hundred  mitligr.  of  pui*e  silver,  according  to  the  quantity  of  bismuth 
exi>ected,  is  addi>d  in  fine  clippings  or  a  button,  wliich  have  been 
I'xactly  weiglied  out.  During  the  fusion  the  bismuth  forma  an  alloy 
with  the  silver,  and  if  iliere  is  tliree  or  four  times  as  much  of  the 
latter  as  of  the  former,  this  alloy  on  cooling  is  much  less  brittle  than 
pui*e  bismuth;  after  deducting  the  weight  of  tho  silver  it  shows 
.he  amount  of  bismuth,  provided  no  othor  metals  have  been  reduced 
at  the  some  time.  Lead  might  be  used  in  place  of  silver,  since  one 
IKirt  of  bi.suiuth  with  about  four  of  lead  gi  vug  a  likewise  malleable  idloy. 
but  the  results  would  be  less  exact,  because  with  a  large  proportion 
uf  bismuth  iu  the  substance  so  much  lead  must  be  added,  tliat  several 

»|Kr  cont.  of  it  might  easily  be  lost  as  sulphide  in  the  slag,  or  by  vola- 
tilixntiou,  and  the  amount  of  bismuth  found  would  be  proportion* 
atcly  smaller. 

H      *  Should  copioiu  fumts  of  artcnic  be  evolved  during  the  preliminary  test  In  the 

^■dntcd  tutK>.  it  ii  well  to  pcrTorm  the  iiniiiion  oauide  ortbc  Utmntonr.  iinilcr  a  chiioMj 

^Ki«itb  H  pKi<l  «Imiiuht  inrrlM'Tv-ltoiv.     Should  there  Ik  no  upiKirtunily  for  iliix,  ifi«  vxcem 

Qf  nnmic  con  aUo  In  rumuved  In  a  ImIk  »iriilct)  ut  one  end,  n»  will  1h-  duxcribcd  lu  ihe 

.'ubivll  DtuI  nii'kul  lUMijr  lor  buIibUuicc^  uudcr  IS,  which  mu>t  be  "  ATScaicUcd." 
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To  slag;  off  earthy  matters,  aa  well  as  any  metallic  oxides  of  difficalf 
rudnction.  iuh]  5tich  nietultic  suljiliidee  as  are  reduced  ueitlier  hy  wm 
nor  by  alkalies  in  a  clay  crucible,  and  also  to  decompoae  the  cam- 
poundfiorbisniuth  with  snlphur  and  tellurinm.  the  fluxing  aiid  redac< 
lug  agent,  p.  454,  may  be  used.  Thrw  ctra.  of  it  are  addfd  to  ihe 
substauüo  with  the  iron  and  silver  ulrtsuly  in  the  crucible,  oitd.  if  tfa« 
subatauoe  us  bi  [mwdcr,  the  whole  is  mixed  vitfa  the  spoon-htuld)^ 
after  vhieh  the  crucible  is  carefully  struck  u;braiuät  the  tAhle  aud  tlie 
level  fiurfaco  covered  with  rhrt-e  lieaped  epoonfuls  of  ealt,  Wlien  the 
substauce  hau  sintenrd  ur  fused  together  in  Ihe  prepanitor}*  operatioo, 
the  ahore  mixing  cannot  Vte  performed,  and  is  nnneoeesary,  because  iu 
thi»  cas«  there  ure  few  or  no  in^rredient«  to  bo  elagged  ofL 

The  crucible  then  lias  been  filled  with — 


100  milligr.  of  the  inbetauce  to  he  assajred, 

30      *'        *'        iron,  or  thereabouta. 

50-200  milligr.    silver, 
300  *•         flnx,  und 

the  requisite  covering  of  salt 

It  is  now  placed  on  the  platinum  or  iron  wire  ring  in  the  squnr« 
oooL  jnstaä  dcdchbed  for  the  lead  ah&x,  p.  4SI, and  the  whole cov^ml 
with  a  square  perforated  coal.  The  fusion  is  then  conducted,  obwrf- 
ing  the  ilirix-tioua  given  for  the  IcAd  a&say  fuäinn,  ^u  that  il  ma)  tw 
completed  in  tivc  or  $ix  minute«  at  the  my*su  When  tinl^bcd  Ihetx«! 
cover  ia  removed,  and  the  cnicihle  with  the  perfectly  fluid  u^say  IIOmI 
out  with  the  forceps  and  placed  on  ita  stand  to  coot  As  soon  itö  it  cso 
be  held  with  the  tingprs  it  is  carefully  bniken  on  the  anvil,  und  th* 
metallic  button  at  the  bottom  freed  as  much  as  p<«stble  from  wl- 
hereut  slag.  The  button  will  be  either  iierfecUv  round  aud  tt»  fttwi 
atlherent  iron,  when  the  substance  contained  a  notuMe  am»unt  "f 
meLallio  aräeuide:  or  it  will  not  be  quite  spherical,  owing  to  iidhentig 
iroUt  which  is  |)ossibly  covered  with  «ome  sulphide  of  iron,  when  th« 
substance  wad  free  (Kira  arsenides.  Iu  the  former  case,  ourefut  vxam- 
ination  wUl  show  that  the  button  c<in.«i^1s  of  two  separate  alloyj.  onv 
whit«  and  consisting  of  hismutbiferous  silver,  aud  i<ne  gray  and  com- 
posed of  ar^uides  of  cobalt,  iiickeU  and  iron.  It  is  placi'd  l>etwt«ii 
pajK-r  on  the  anvil,  or,  if  none  nf  the  arsenides  an>  to  be  lost«  in  lb« 
steel  murlar.  and  Ihe  arsenides  separated  from  üte  silver  by  a  fc« 
careful  blows  of  the  hammer,  which  ia  generally  very  thuronghlv 
eflbcted.  The  alloy  may  even  be  flattened  somewhat  when  the  his> 
ninth  U  combined  with  three  to  four  times  as  mnch  pti»  silrer.    It 
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ie.  hou-'-vcr.  Impoeaible  to  remove  the  (rilling  qiuintity  of  ehxz  atxl  the 
trace»  o]'urs*:*iiiilca  from  its  surfuct;,  and  die  button  nmst  1h*r'iorc  bo 
tti^,  in  a  cttvity  un  oual  with  a  little  borax^gluss,  fur  ii  few  jnumeatB, 
in  a  ii'pble  U.  F-,  but  only  until  the  »iirtace  bicomcs  bright,  when  it  is 
iinnietliiLtely  alluwed  tu  cuul,  und  ran  iww  be  seiHirati-d  from  the  alag> 
which  only  adhcn'S  to  one  side,  by  u  f(.'w  blows  on  tbe  anvil.  This 
mufit  of  t-onrso  be  ciirefnliy  done  and  no  bismuth  volutilizt>d  by  too 
lung  a  blufit.  Tbc  slag  tu^^t  dulaclied  from  the  button  id  addi^^  to  tbe 
metallic  arsenides,  in  case  tlh'y  are  to  be  further  examined  fur  cobalt 
and  nickel,  iiti  will  !..•  des(.iilK<l  in  I  be  r|uautitutive  assay  for  those 
metals. 

After  weighing  tlie  hiiimuthilerons  t^ilver,  anddeducting  the  weight 
of  the  silver,  thu  bismuth  is  a^jcert^iiuLd,  unleus  the  subtilance  itself 
contained  a  weighablc  amount  of  silver.  Should  tIkiH  be  suäpoctcd, 
the  biämuthiferuua  silver  button  in  ouixrlled  with  one  cir.  of  test  lead, 
Weighed,  and  the  corresponding  cujvellatiun  loss  rcckoneil  from  \\.  412 ; 

'  Ihia  will  simw  whether  then;  was  a  weighablo  amtmnt  of  silver,  which 

I  must  be  deducted.    The  amount  uf  silver  can  also  be  determined  by 

ia  direct  assay  fur  silver. 

Should  some  metallic  iron  be  found  on  the  side  of  the  metallic  but' 

I  ton,  this  is  likewise  sejtsirated  between  paper,  or  in  the  steel  mortar, 

Land  the  t)ifiinuitliirei'0U8  silver  button  fused  ad  before  on  C(}al  with 
Ijorax-glftss.  to  detach  perfectly  the  adhering  slag.     The  weight  of 

I  the  binmuth  and  any  silver  originally  present  in  the  substance  is  then 

[i^elcrrained  M  above. 


B.    BCinemU  in  whloh  Ih»  Blamuth  oceun  ■■  safphlde)  alon«.or  ch«ml- 
oally  combined  with  mstAUic  «rsanideB,  or  with  othar  sulphides. 

This  diTision  includes  bisniufhinife,  i-arglitn'te.  emplectiie,  wittich^ 
\nile,  schnphachiif,  aitinitf,  chivia/iie,  kuheUitf^  and  gränavitf. 

With  the  exception  of  kobeUih^  which  contains  sulphide  of  auti- 
Imony  and  must  be  roasted,  according  to  p.  43ß,  tlie  composition  of 
I  these  minerals  admits  of  their  fusion,  without  any  further  prepara- 
jtion.  in  a  clay  crucibk'  with  suitable  alkaline  fluxing  and  riKluoing 
litgents ;  a  bit  of  metallic  iron  being  added  to  prevent  the  possible 
flagging  of  sulphide  of  bismuth  \  also  the  amount  of  silver  necessary 
I'lti  cullect  the  eeparuted  bismuth. 

After  the  roa;<ting«  if  necessary,  and  again  after  salphurizing  tbo 
jniasted  product,  according  to  p.  463,  when  copper  is  also  present,  one 
Irnits^  of  the  mineral  is  charged  in  u  slay  crncible  with — 
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30  miUigr.  of  irou  wire,  or  thpreabonts ; 
ÖO-'JOO       "       pure  silver,  in  clipping  or  bnttons; 

300       "      of  the  flnx   »nd  redncing  »g«it   nsed   for  lue 
assaVB,  etc 

When  not  eintered  together  during  the  salpUariKing  prtKen  «hiefa 
maj  hnre  followed  the  roodring»  the  whole  is  mixed  with  tb«  aid  of 
Ibe  8i>oon-hniidle,  compacted   soroewhnt  br  striking   the    .  ■ 
ligiiinst  tlif  table,  and  covered  with  three  lipapt-d  «poouTul«  >     ■ 
The  fusion  is  theu  conduoted  just  as  with  the  substances  of  the  tint 
class. 

On  breiiking  the  crucible,  the  ronnd  button  of  silver  and  bt^ 
muth  is  found  At  the  bottom,  und  boside  it  the  in^n  nddc^l,  whicli  a 
geucmlly  coated  with  sulphide  of  iron.  The  metallic  bntU*u  wj*- 
rutt'd  from  the  iron  un  the  utivil  is  futsed  a  few  moments  with  boni- 
gluftj  ou  coal,  until  it  shows  a  bright  surface,  and  when  cool  is  frevd 
from  the  trifling  adherent  slag,  and  weighed. 

Some  of  the  abore-namcd  minerals  contain  other  metals  bcsidei 
bismuth,  vix.,  copi>or,  silver,  lead,  and  antimonr.  When  there  if 
little  copper,  imd  this  is  {»lescut  as  sulphide,  little  or  uouc  goes  into 
the  metal ;  the  antimony  can,  for  the  most  part,  be  «eparuted  bj  tho 
prx-liunnary  rousting;  when  tlit-refore  a  £|HK:ial  afK*y  hia  shv» 
a  verv  trilling  amount  of  silver,  the  increase  of  weight  con-  - 
bismuth  and  lead^  with  possibly  copper,  provided  the  sabsiuuce  mo* 
tained  lead. 

Tu  determine  the  amount  of  each  of  these  metals,  the  mctailic 
button  is  I'licied  in  the  platinum  capsule,  p.  21,  over  the  S]jirit-lainfS 
with  twelve  to  tifteen  times  its  «eight  of  bisulphate  of  putaoi, sod 
email  portions  of  this  salt  are  added  from  time  to  time,  if  recjuircil, 
nntil  the  metallic  button  has  dif^uppeared.  The  capsnle  is  tbco 
placed  in  a  porcelain  vessel.  Fig.  62,  p.  43,  and  heated  with  distilled 
water  nntil  the  fused  salt  is  dissolved  and  the  snl}>liates  of  lead  ftud 
bismuth  have  separated  in  a  pulverulent  form,  p.  "iSO.  After  settling 
some  time  the  whole  is  filtere*.!,  or  the  clear  solution  of  sulphate« irf 
(totassa  and  silver  is  decanted  from  the  residue  into  another  vetfcl 
with  the  aid  of  a  glass  rod,  fresh  water  is  added,  sttnvd,  and  tb^ 
whole  allowed  to  settle,  after  which  the  water  Is  again  decauittii.* 
The  residual  sulphates  of  lead  and  bismuth  are  covered  with  ffaicr 
coniaining  some  sulphuric  acid  and  heated  to  boiling,  when  the  sv\' 
phate  of  bismuth  dissolves  easily,  especiallv  after  fuiding  a  few  drops 
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of  nitric  aciJ,  wliüo  the  remaining  sulphate  of  Iciui  can  be  cctllectuÖ 
on  ntiltcr  and  washed.  It  is  Ibt-u  dried  thoroasiily,  weighed,  and 
tbo  amount  of  metallic  lead  in  it  calcnlated  ;  100  parts  of  sulphate 
of  Ic-ad  contain  08.3  pnrts  of  l^^ad.  The  bismuth  is  obtained  by  tlio 
ditTtTeucc.  in  cusi:  the  button  was  free  fi-om  copper.  Should  copper 
l>o  pruficnt,  as  siiown  by  the  more  or  less  bine  color  of  the  mass 
obtained  by  the  fueiou  with  bisulpbate  of  potassa,  the  bismuth  must 
be  prL'cipitated  ü'om  its  solution  by  warming  it  with  carbuiiat«  of 
ammonia,  filtered,  and  when  dry  reduced  witli  the  addition  of  silver 
in  a  clay  crucible,  by  nipane  of  the  flux  aln>ady  mentioned.  This 
method  is,  buwever,  only  to  be  recommended  when  the  solution 
shows  a  distinct  blue  color. 

Although  the  deternuuation  of  lead  aud  bismuth  by  the  preceding 
method  is  not  quite  exact,  and  in  presence  of  copper  is  very  com- 
plicated, it  at  least  ^ives  approximately  true  results.  The  amount 
of  lead  obtained  is, «moreover,  incorrect  when  a  little  antimony  id 
prescut,  because  this  metal,  although  oxidized  by  fusion  witli  bisn)- 
pbttte  of  potassa,  is  not  separated  from  the  lead. 

If  A  nntable  iimonut  of  silver  has  been  found  by  a  special  assay, 
this  must  be  deducted  together  M'itb  the  weight  of  Uie  silver  added. 

ßCsamjJt. — Bv  a  spcrinl  nsjuiv  for  fiUrer  in  a  snbtitancc  contnininp  «Ivpr,  Inul,  oiul 
tiisaiuih,  15  V*  of  ntlvi-r  lins  bocii  fuund,  tnclmlint;  the  ai{icllniiuti  \wt;  ihnt  U,  IS 
roilltgr.  tn  100  iniUigr.  of  ihc  subunince.  In  ihc  nssny  for  l)i-.niHth  UK)  milti^fr  of  -*il»-cr 
wct\- ftiliiwl,  tiitl  »n  olloy  Wi'i;;htll(i  ITS  n)nii;:r.  olitiiiiH'tl.  rViiiictinj;  115  niilli^-r.  Ibr 
ilw  Mlvrr.  there  n-niaiii  64)  aiilli^T.  vf  liUtuiirli  and  k-ail.  Fruiii  itiv  M<]Him(iun  wiili 
lM4uliili«te  of  {Kttiuuui  4S  niilli^T.  »ulptinto  of  lead,  or  .12.H  milli;*r.  Icail,  arv  u)»lainol ; 
ihfn  60  —  »2.8  =r  27.2  milUgr.  );ivn  the  amount  of  bi&muth,  imd  we  h«**e:— Ag  = 
IS  V#.  Pb  =  32.8  ^0,  Üi  =  27 Jl  -.  .. 

O.  Miaerals,  Orei,  and  Producta  eontainlog  th«  Blamnth  aa  oxJde; 
free,  or  combined  with  Carbonic,  Phosphoric,  or  SlUcic  Adda,  etc., 
and  poaaibly  mingled  with  Oxides  of  Copper,  Nickel,  and  Cobalt, 
or  their  Salts  j  or  «lae  coDtaioiog  the  Biamuth  combined  with 
Oblorine. 

llfi-e  lire  includ«.^, among  minerals, chiefly  the  following:  bismuth 
oc/ire,lthrnuti/e^etii!/tite,iMnl  hypochlorite  j  among  ariiliciul  products, 
the  banic  chloride  of  biamuth  obtained  by  purifying,  with  dillita 
liydrochloric  acid,  the  hismuthiferous  oxide  of  tin  ore  roiusttd  on 
the  large  scalf,  und  also  by  the  extniction  of  bismuth  in  the  wvt 
way  from  the  mass  of  the  silver  refining  hearth,  etc. 

If  the  mint-rals  uunied  are  free  from  disseminated  metallic  oxides, 
which  are  eiuäily  reducible,  they  maybe  at  once  charged  and  fuscj 
with   the  flux   and  mlucing  agent;   but  if  they  contain  copper, 
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nickel,  or  cobalt,  in  the  oxidized  »talc,  either  fn>G,  or  combined  vitb 
ocius.  they  mnst  tirst  be  conn-rted  into  siilpbidea  bj  i^ition  id  i 
crucible  with  sulphnr,  according  to  the  note  on  p.  45f»,  or  into 
»rscnidos,  us  will  be  described  iu  Ibe  cobalt  nml  nickel  odsur,  m 
which  lutter  case*  the  amount  of  nickel,  cobalt*  and  copper  can  be  at 
the  siinie  time  ascertuined. 

One  centner  uf  the  prupci'ly  prepared  eubstance  is  cbar^ed  in  a 
«mall  chky  crnciblct  jnst  us  for  the  substances  of  the  Hrst  and  second 
classes,  witb — 

25-30  milligr.  iron  wire, 
80-100      "       pure  silver, 

300      **      flux  and  reducing  agent,  p.  454. 


The  whole,  being  mixed  in  the  crncible  with  the  spoon-handle»  and 
compacted  by  striking  it  on  the  table,  is  cotered  with  three  heaped 
spoonfuls  of  salt,  and  fused  as  the  precedinjj;  substances  of  tlie  fir 
and  Bcound  class.    The  result  of  the  fusion  is  a  bismutliifertius  silv 
button,  either  witb  adherent  iron,  which  ia  Bometimcs  eurronodc 
with  sulphide  of  iron  or  speiss,  or  together  with  metallic  arscnidpfl ' 
(aiwisses),  which  liave  taken  up  the  iron.     The  roetullic  button,  car»*- 
fkilly  separated  from  the  iron  or  spoiea  ou  the  anvil,  is  fueed  with 
borax-glass  on  ciial,  to  give  it  a  bright  surface,  when  it  is  freed  froni 
the  adhering  slag  and  weighed.    By  deducting  the  silver  added  thef 
weight  of  bismnth  is  obtained. 

Ill  examining  the  basic  chloride  of  bismuth  obtained  from  impu 
tin  ores,  which  lias  been  washed  «way  as  a  basic  salt  and  collect^'d  in 
settling  pits,  some  tin  is  also  obtuini-d  in  the  alloy,  when  the  chloride 
was  not  free  from  disseminated  particles  of  oxide  of  tin.     This  is 
imraediutely   perceived   when    melting  the  bismutliiferous   button] 
with  the  borax,  us  its  surface  is  covered  with  a  thin  film  of  uxiile, 
instead  of  becoming  bright.     In  this  case  it  is  necessary  to  dissolve 
the  button  in  nitric  acid  and  separate  the  residue  of  binoxide  of  tin. 
the  amount  of  which  must  be  «i-certained.     For  this  purpose  the^ 
solution  of  silver  and  bismuth  in  nitnc  acid  is  diluted  with  wate 
and  warmed,  so  that  the  previonsly  very  finely  divided  oxide  of  tin 
may  adhere  together  somewhat  and  be  soparuicd  by  Ültration.    After' 
washing  and  drying  this  it  is  cautiously  ignited  in  the  platinum 
capsule  »nd  weighed  ;  100  parts  of  the  binoxide  of  tin  contain  7M 
parts  of  tin.     Hy  deducting  the  wi-ight  of  the  tin  from  the  iropnr 
bismnth,  the  amount  of  bismnth  is  ascertained,    (llie  proportioi 
of  tin  thus  obtained  is,  however,  smaller  than  would  result  fmiji 
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a  direct  assay  for  tin,  because  etjme  of  the  tin  is  slagged  off,  usp©- 
,  oiolly  in  prcscnc«  of  metallic  stilphides.) 

6.  THE   TIN    ASSAY. 

Cassiterite  is  the  ore  from  which  tiu  is  nmde  on  alargt-  scmle,  aud 
fun  which  the  tin  asi^ay  is  principully  foumled.  UoweTcr  simple  the 
f  determination  of  the  percentage  of  tin  in  tlic  same  may  be,  in  the 
|abgcuee  of  forei^rn  substances,  still  tlie  lu^say  becomed  quite  compli< 
when  other  reducible  conifwunds  are  present»  which  is  oft*a  the 
,  for  they  must  be  scjHirated  from  the  ore  before  the  fusion,  by 
'tiesiting  it  in  the  wet  way. 

In  tlie  qnantitutive  tin  assay,  therefore,  the  minerals^  ores,  and 
I  products  in  which  this  metul  forms  an  essential  ingredient,  can  be 
Lclsissed  m  follows: 

A.  Those  wliich  contain  the  tin  either  as  sulphide,  or  as  oxide- 
mixed  with  8u)j)hides  and  arsenides ; 

B.  Those  wlii<!h  contain  thn  tin  as  oxtile,  froc  from  snJphides  and 
arsenides ; 

C.  Those  which  contain  the  tin  as  metal,  alloyed  with  other  metals. 

)  A.  Assay  of  Minerals,  Ore«,  and  Productf  that  contain  the  Tin  either  a«- 
«alphide,  or  ai  oxide  mixed  with  itüphide«  and  anenidea. 

This  class  rnclndcs  not  only  the  tin  pyrites  or  stimnile.  which  is 
[the  only  mineml  tn  which  tin  occurs  chemically  coniUinL'd  with 
■  sulphur  and  other  sulphides,  but  also  the  dressed  tin  slimes,  which 
k  contain  the  tin  as  oxide,  it  is  true,  but  in  wliich  very  rre<[uently  «mall 
[quuutities  of  sulphides  and  arsenides  are  present,  notwithstanding  the 
'  roasting  l»th  Uforc  and  after  the  dressing.  Of  the  products  belung- 
I  ing  in  this  rhi.ss,  Alosaic  gold  must  be  mentioned,  which  consists  of 
tin  combined  with  its  maximum  of  sulphur. 

When  a  substance  in  this  class  is  to  be  assavHl  for  tin,  one  centner 
I  of  the  prepared  assay  powder  is  weighed  out,  and  then  tlie  volatile 
I  ingi'cdicnts  driven  off  by  roasting.  A  dcscrijition  of  the  method  of 
Bting  would  he  suiwrlluous  heiv,  as  the  roasting  of  a  subsUuice  iu 
Vhe  assayed  for  tin  is  (•crfornu'd  exactly  in  the  same  way  as  that  of  a 
[copper  ore,  with  coal  dust,  p.  4'J(J.  et,  seq. 

The  roasting  is  ipiickly  tuiished  if  the  substance  to  be  roasted  con- 

I  tains  among  the  volatile  ingredients  only  sulphur^  or  sulphur  with  a 

trace  of  arsenic,  or  ».»nly  a  small  percentage  of  sulphur  and  arsenic. 

which  latter  is  sometimes  the  case  with  the  tin  slimes  that  have  boon 

roasted  and  dressed  on  a  large  scale.    If^  however,  it  contains  mnoh 
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araenic.  (he  roasting  with  charcoal  is  longer,  and  ia  to  b«  continued 
until  tlicro  is  not  the  slightest  trace  of  the  odor  of  arsenic  noticeable» 
when  charwMil  is  added,  and  the  srlistnnce  brought  to  a  red  beaU 
The  dressed  tin  slimes,  if  they  have  already  been  roasted  for  dresaiiig, 
require  only  one  roasting,  bnt  it  is  necessary  to  roast  the  other  substati- 
ecs,  whieh  contain  the  (in  combined  with  sulphur,  or  aa  oxide  mixvd 
with  flnlphiiles  and  nrs^'nides,  two  or  three  times  with  charcoal  povder. 

By  this  process,  if  it  is  well  done,  the  sulphur  and  arsenic  are 
driven  off  from  the  suhgtance  coutaiuiug  the  tin,  which  is,  jierhnps, 
mixeil  witii  pyrite,  mispickel,  elmleopyritc,  stibuitc,  bismutlnnite 
(bisiauth  glance)  or  bismath,  blende,  wolframite,  Qtc^  and,  of  the 
other  nietats,  tin,  if  not  already  present  as  oxide,  and  the  copj^er.  iriin. 
Iiisnnilh.  and  zinc  are  uxidized.  Those  metals,  besides  arsenie,  which 
are  cajta'nie  of  forming  acids,  and  wliich  are  volatilized  during  the 
roasting  only  with  ditllculty,  or  not  at  all.  nz.,  a  part  of  ibe  soti- 
niony.  molybdenum,  tungsten,  and  titanium  remain  behind  aa  acids. 

Th<;  propter  iippeanmcc  of  a  well-roosted  tin  ore  is  very  ölmilar  to 
thai  of  a  pi-opei'ly-roasted  lead  ore.  The  roasted  ore  must  give  no 
udor  while  still  mixed  with  charcoal  powder  and  heated  to  rednesa 
and  luiist  not,  when  nilil»ed  in  u  mortar  after  complete  combutftion  rtf 
the  coal,  show  any  shining  ])articles  of  sulphides  or  arseuideä.  Il 
tuiLst  aliK>  be  in  a  very  porons  state  when  in  the  roosting  capsule. 

If  a  weli-roastcd  tin  ore,  consisting,  for  example,  of  the  oxides  of 
tin,  iron,  manganese,  bismuth,  and  copper,  were  immediately  redueesl. 
there  would  only  result,  even  with  the  best  reducing  fluxes,  a  brittle 
und  gray  button  of  tin  that  would  weigh  too  much.  This  would 
haii|ien,  In-cause  not  only  the  oxides  of  copjxr  and  bismuth  with  ttuit 
.)r  tin  are  reduced,  but  a  part  of  the  oxide  of  iron  is  also  reduced  to 
metal  and  alloyed  with  the  tin,  owing  to  the  action  both  of  the  lar^ 
amount  of  charcoal  present  and  of  the  rednced  tin  upon  that  oxi<lt'< 
As  these  disadvantages  cannot  be  remedied  by  the  dry  way,  it  is 
necessary  to  dissolve  out,  by  means  of  hydrochloric  acid,  the  oxid« 
(if  iron,  mimgimese,  bismnth,  and  copjwr  that  are  mixed  with  the 
i-ousted  tin  ore,*     The  method  is  as  follow* ; 


*  BuiTniBit  nconuBendi  to  boO  tbe  raw.  powUcnd  tfai  or«  a  f«w  mhiat««,  wltkt 
RuffU'ictii  qoandry  ofiuiua  n^ia,  to  fUlot«  the  Kilntion  with  wntrr,  to  f(>1)cct  th«  tvM^t 
ii])on  &  fitter,  and  wnsti  il  wdl,  by  whtcb  tbeorv  h  freiMl  from  both  tbc  iron  und  fratu  Ihr 
»ihcr  injurions  ingredicou.  It  U  then  onlr  necoMary  to  dry  iho  iiltcr  and  iaIlc  oni  thw 
content«,  to  bnrn  the  papn"  and  i;i;iiite  tbc  nr)>ole  in  a  pon.«lain  dUb  or  day  crucit*!«*,  ni 
onI«r  to  bum  o^  any  «rilplmr  that  might  hare  been  nrparutoal  during  the  ttvjiinuiti  of 
tb«  ore  «lib  luiiiA  rc^a.  Since,  however,  not  a  small  qnaniity  of  aolphar  U  wiMmted 
by  tlu)  CrcAttiKnt  frvm  a  lin  ore  tbal  coniains  a  largt  ndmixlurc  of  pyrite«,  and  m  Ibii 
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'l-rofist*>d  ore  is  pnt  into  a  small  porcnlain  dish.  Fig.  62,  p 
^■43.  and  Iiydrochloric  oeid  poured  iipcm  it  until  tlic  acid  gtunds  ah<mt 
B(ii^  c.  m.  above  the  powder.  The  dish  is  then  placed  upon  the  igniting 
Hring.  p.  8,  which  should  Itc  abont  sixty  millim.  Jibovc  tho  flame,  and 
Hihe  wick  pushed  down  into  the  lamp,  su  that  only  a  ämull  flam* 
H-remains,  which  heats  the  dish  qaite  gently.  The  dieh  slioiild  Ix* 
cnvercd  with  a  «atch-^jlasa. 

This  digestion  is  continued  uninterruptedly  for  foor  or  five  minutes 
•nd  care  taken  that  the  acid  does  not  boil  too  strongly.  In  the  coiiree 
of  at  most  five  minutes,  in  which  time  all  the  oxides  of  iron,  man- 
ganese, bismuth,  copper,  and  zinc,  m  well  as  any  acids  of  antimony 
that  might  be  present,  are  dissolved,  tho  ring  with  the  dish  is  turned 
fÄWay  from  the  flame,  and  the  whole  allowed  to  cool. 

The  wat-ch-ghiss  is  then  removed  from  the  dish,  and  fVoed  Uy 
kpaper  from  any  adhering  acid.  The  residue  consist«  either  of 
tin  or  caesiterite  alone,  or  maybe  mixed  with  tuugstic  and 
[titanic  ocida»  for  an  admixture  of  wolframite  and  titanic  iron  is 
I  decomposed  in  euoh  a  way  that  the  above-mentioned  acids  are 
[separated.  The  insoluble  powder  may  be  freed  in  two  ways  from 
the  clear,  yellow,  or  greyn-colored  solution:  first,  by  diluting  with 
water  the  solution  of  the  oxides,  tiltering,  washing  the  n^sidne,  and 
burning  the  filtt;r.  This  method  mnsL  be  employed  in  the  assay  of 
Btannitc  or  tin  pyrite*  and  also  for  tin  ores  that  are  frw  from 
bismuth,  so  thut  no  separation  of  a  basic  salt  is  to  be  foaretl  when 
water  is  added;  second,  and  in  most  cases,  the  solution,  after  the 
residue  has  settle*!,  can  be  n-movt-d  with  the  aid  of  a  small  gloss 
pipette,  and  three  or  four  times  as  much  pure  water  added  In  its  place. 
The  water,  however,  must  be  dropped  very  carefidly  ujwn  the  sides  of 
K  tho  dish,  so  that  the  powdere«!  oi-e  on  Ihi;  lM>ttom  will  not  be  disturbed. 
H  nor  the  lighter  jmrticles  of  the  üuuie  mixed  with  the  water,  bwause, 
H  otherwise,  time  ^vill  be  required  again  to  separate  them.  If  the  dish 
is  Jiow  warmed,  any  portion  i^f  the  sululiou  that  has  remained  behiud 
will  unite  willi  the  water,  and  the  dish  being  inclined  to  one  aide,  can 
he  separated  from  the  heavier  powder  with  the  aid  of  a  small  pipette^ 
perfectly  clear,  if  it  is  not  rendered  slightly  cloudy  by  basic  chloride 
of  bismuth.  If  it  happens  that  very  small  particles  of  the  earthy 
portion  of  the  powder  float  upon  the  surface  of  the  water,  and  settle 
only  with  difficulty,  the  opening  of  the  pipette  must  be  kept  as  much 


■lüpbnr  is  tpt  to  lenre  behind,  nfttr  tbe  ignition,  »oikII  qnnnlides  of  metallic  sulphldti 
which  wonM  injure  the  reduction  or  tlie  oxicie  uf  tin,  It  b  better  to  roatt  tliia  kioct  at 
OHD,  and  ihvn  trent  It  with  hjctrocbloric  acid. 
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•(i  |K>fisilile  hi'low  the  »nrfaoo,  so  that  the  particles  may  not  he  lost  by 
hc'ing  ilmwu  into  the  pipette.  In  onlcr,  (hen,  to  fVe«  the  powder  ftwoi 
the  adhering  water,  the  diah  is  put  npou  the  ignition  ring,  and 
heated  nntil  the  {»wder  is  pcrfc-cily  dry. 

Tlu'  entire  ojierution.  iucludiu^'^  the  solutioiir  reqaire«  bat  • 
qnarter  of  an  hour,  when  altering  ia  not  necesaary^  and  with  prQi>T 
cart-  lit)  lofis  (if  tin  is  to  be  feart*d-  It  is  easy  to  onderätnnd  thul  tli« 
pmloxiiieit  of  iron  and  manganese,  which  are  chemicidly  combined 
with  tlie  oassitcrite,  and  wbieh  even  in  a  dark-culured  tin  ore  scoroety 
«monnt  to  two  per  eent^  ore  not  n-moTed  by  this  operation.  Sine«, 
however,  theee  small  qpantities  of  the  oxide&  are  «Ing^ed  offhand 
only  a  slight  trace  of  the  protoxide  of  iron  is  re<luoed  to  metal  *i)«i 
alloyed  with  the  tin,  this  inaocnnu;y,  that  can  scarcely  be  noticed 
upon  the  balance,  is  not  regarded. 

If  tin  slimes  are  to  be  aeaayed  for  tin,  which  hare  alrmdy  bern 
roa«ted  in  the  reverberatory  furnace  to  uiToct  an  almost  complotr 
dreBsing,  and  which  ouly  contain  a  email  percentage  of  sulphur  antl 
«rsfmic,  the  roasting  may  be  omitted  and  they  may  be  treated  diircEly 
with  uqiia  regia,  as  described  by  Berthier,  vitle  note,  p.  4tit!.  iu  ti» 
same  way  as  the  inosted  ore,  with  hydrochloric  acid. 

After  the  substance  to  be  assayed  for  tin  has  been  freed  from  the 
constituents  or  ingredients  that  hinder  the  production  of  a  pn» 
tin,  either  by  roasting  and  treating  with  hydrochloric  acid  or  br 
aqna  regia  alone,  the  redaction  of  the  oxide  of  tin  is  effected.  This 
miiy  be  done  with  the  employment  of  the  proper  fioxes  in  two  wuvs: 
either  in  a  lined  clay  erucihle,  as  in  the  reduction  of  the  oxide  of 
lead  in  roasted  lead  ores.  p.  451,  or  iu  the  same  kind  of  crucible  WA 
lined,  as  for  a  lead  assay  according  to  the  second  method^  p*  454. 

«.  The  rtxiuction  of  the  prepared  tin  ore  in  a  chty  orucihU  lintd  wit^ 

chftreoal 

The  charge  for  this  fusion  cousista  of — 

100  milligr.  perfectly  dry  soda,  and 
30        ••     borai-glass. 

This  charge  is  weighed  out,  while  the  ore,  after  having  been  treat*! 
with  hydrochloric  aoid  and  washed  witli  water,  is  drying,  and  is 
mix^Kl  with  the  same  in  the  agate  mortar.  The  mixture  is  thefl 
packed  in  a  cylinder  of  soda*paper,  in  the  same  way  as  a  roasted  Im^ 
or?,  and  fuM-il  in  a  covered  clay  crucible  lined  with  coal,  as  is  described 
in  detail  on  p.  451.  The  fusion  of  a  tin  asaay  requires  from  eight  to 
ton  minutes.    Ailer  cooling,  a  button  is  found  upon  the  bottom  of 
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w  mirihK  whieh  congists  principally  of  slag,  and  in  this  ia  inclosed 

the  rrtluood  tin.  seldom  iu  a  single  gliibulc,  bnt  oftoner^paratcd  into 

I  several  largo  and  small  buttons.    These  bnttons  are,  as  in  the  lead 

fk»iuy,  oK'niicd  by  rubbing  and  Iritiimlrug  the  elag  with  wat<;r,  and 

are  tbtu  dried.     Aä  iUv  rilug  from  a  tin  uAftay  is  generally  so  cun»ti- 

tnted.  in  the  abdeno«^  of  many  earthy  ingnidients^  that  it  diMolvee 

i  (|iiiti3  easily  in  bi>lliug  nuter.  the  tin  may  bo  ».'purat«.>d  from  It  in  the 

fulli>wing  way:  the  butUtii  eoiitiislirig  tif  ttlug  and  glolmleH  of  Lin  Ik 

I  broken  np,  cither  between  pa|>er  un  the  anvil  ur  in  the  8t«el  mortftr, 

I  as  mtich  h&  the  ^lubnleä  o(  tin  permit,  and  the  muss  is  transferred  to 

I  u  t>mall  |iotx-elatn  caj^dnle.  water  added,  and  the  whole  placed  over  the 

lajupw     When  the  slag  is  difii^olred,  the  fluid  \»  curt-fiilly  punred  off, 

and  the  moist  residue,  wliieh  coutuiu£  linely-divided  particles  of 

rhurv4ial   that  have  6e|mruled  from  the  slag,  is  stirred  up  with  the 

|R-slU-.  watt^r  again  mldnl.  so  that  all  the  lighter  portions  of  the  slag 

timt  remain  may  be  separated  from  the  globules  of  tin.    If,  in  con- 

«»{nence  of  the  ore  containing  quartz,  the  slag  is  insoluble  in  water. 

it  is  only  neeessary  to  add  some  aeotio  arid,  worm  the  whole,  and 

llu-n  clean  the  glubules  uf  tin  by  washing  with  water.     They  may 

I  then  be  dried  in  the  capsule  over  the  lamp.    The  purity  of  the  result- 

'  ing,tin  U  proved  |nrtly  by  the  magnet,  and  partly  hjr  its  color  and 

malleability. 

If  the  rna£(ing  and  scpiration  of  the  oxides  of  iron  and  copjier,  as 
well  as  of  thi-  aoids  uf  antimony,  which  may  be  combined  with  m^taU 
lie  rtxides.  have  bet-u  can-fully  done,  the  tin  from  the  rednction,  if  the 
pn>ix*r  amount  of  bi'Ht  haK  been  employoil,  will  he  pun;  and  of  Iht- right 
weight  If.  howevL-r,  the  roasting  and  digestion  of  the  ore  iu  hydro- 
ehlorio  acid  has  not  be<'n  ountinui-d  long  enough,  the  tin,  after  reduo- 
tioii,  will  Ih.'  brittle  when  ropper  and  antimony  are  present,  and  if  it 
oontain.<4  even  a  small  amount  of  inm,  will  be  malleable  it  is  true,  but 
when  finely  divide<l  and  brought  under  wattr,  it  will  be  attracted  by 
the  maijnet.  and  its  weight  will  certainly  be  too  high.  If  the  ore 
to  be  oj.j;iyi'd  for  tin  contain«  quantities  of  tungstic  or  titanic  acids, 
thede  acid^,  as  above  mentioned,  tyiiiuot  l»e  seiiarated  from  the  opu  by 
moans  nf  hydnrehluri'r  acid.  During  the  reduction  of  the  (»xide  of 
tin.  however,  tlu-y  mostly  go  into  the  slag,  so  that  they  are  to  he 
regarded  as  harmless.  If,  on  the  contrury,  ttie  amount  of  tungstic 
arid  present  Is  considerable,  a  part  of  the  same  is  easily  reduced,  and 
the  tin  that  result«  in  this  case  is  rendered  impure  by  tungsten, 
which  cannot  be  prevented. 

CassitiTite,  or  tiu-stoue,  occurs  in  dockwerhs  deposit.^,  and  vein« 
in  ttod  with  granite,  gneiss,  mica  schist,  clay,  talc,  calcit^^  and  many 
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Other  gtinpuet ;  it  is  fuuud  aho  accumptiuieU  by  trou  and  copper  pjr* 
rites,  tni:4|iirkrl,  niitive  bismuth  or  bismuth  gluoce;  stibnit«*,  bitrntle, 
volfrauiitc'.niul)-b(icuite,  ochre,  ma^etite,  eto^and  it  U  oftra  so  finelj 
diss4-iniiiHU'd  thmiigh  sume  of  these  ganguc«,  (but  uo  certiiin  rosiilt 
Otti)  Iht  ubtuiihil  fruiu  u  bluwpipe  assuv^  becauic  the  pcrccutu;;c  m»| 
be  too  insignlHcaiil.  In  this  case,  aft(?r  the  ore  has  been  llndy  palvvr- 
izt'tl  and  wei<;hcdr  the  earthy  udniixtiirc'8  are  to  bo  reniuved  by  c&rc-- 
ful  wft^sbiug.  und  at  It-aät  two  qimutitutive  tin  utisuy«  made  from  thi: 
filinii-6  tbiid  obtained^  in  ubieh  the  heavier  tin  ure  is  cunctMitratiti, 
aFter  it  bas  becumt'  [>erfectly  dry  and  Itü  weight  baa  bten  u£Ci.'rtiüoi*d. 
After  weighing  the  tin  obtained,  it  tnuet  be  examined  as  to  it<  purity, 
and  tho  {HTei'Utage  calüuhitc<l  for  the  erudc  ore. 

For  example  ; — SnppOK  Uten  wm  obtiün«!  from  S  (rrm.  =  50  clr  or  ftOOOmillip 

of  the  fliiHy-piilvrrixi\l  on  by  cmrafnl  wasbiiit;  (prrfunuMl  in  i  ImikiT  k'l'uu  of  tbc  pntpn 

»iau  vritb  thv  niüor«({laas  nxll.Kqtiaatiljr  uJ^  »limp,  tlmt  wrigkiM  whcndrr  7<JU  lutJüprr.j 

frvni  iIk-9«  7(X>  ii)illi;:r.,  whiL-h  wen!  wvlt  wixt-d  ami  rulilwd  lo;;f tht'r  in  nn  n^at«  murtar, 

two  tin  itsM/s  wen?  made.    IftbLTC  nxallcd  fiDmeach  of  tboHf  baov«  I. &  per  cunt,  of  tin, 

TOO  »<  1.5 
ihe  700  mjllijirr.  of  sJimc  woolit  ccntnUi  — r--^-    =  10.5  millitrr.  of  on.    If  itw  wae»- 

inf[  wu  cwvfnllv  done,  thrM  lO.ft  tmlli|;r.  conitmntc  almont  the  roiirv  ninouni  of  ttc  in 
the  &  e"n-  =  ^K^  milligr.  of  cniOc  ore  mcntiuned  «buvfl ;  tttcveAire,  ia  100  of  thb  on 
100  X  10.5 


&  TVr«  reduction  of  the  prepared  tin  ort  ia  o  clay  erucibU  not  lined 

teith  charcoal. 

The  fneion  of  the  properly  puriliod  tin  ore  can  be  made  in  a  shorter 
time  if  a  utay  crucible  is  emjiloyed  that  is  nut  lined,  the  ure  Ijeing 
cbaTgvd  with  an  easily  funble  flux  of  thi*  proper  sort.  For  the  tin 
assay  iu  gent-ral  is  to  be  recommended,  accordiug  to  Winkler  (Borg. 
und  Ilatt,  Keit^  l$ü4,  Ka  3),  the  addition  of  some  agent  for  cullect' 
iug  tiie  reduced  tin.  In  the  blowpipe  &B«ay  silver  may  be  Used, 
which  is  added  to  the  tin  ore  in  a  finely-divided  state,*  in  lui  ejcacd; 
weighed  quantity  of  ßfty  to  eighty  milligr^  according  to  the  purity 
nf  til«  ore. 

Thciv  are  also  added,  three  hundred  milligr.  of  Plattncr's  flux,  as 
well  as  fifty  milligr.  of  starch.     The  wbole  is  then  mixed  with  ttt« 

*  This  finelr  diTidci]  silver  caa  be  easily  prepared  by  dceomposinG:  ehlorUc  of  «ilm 
Willi  metallic  lioc.  The  dry  chloride  is  fuBed  in  a  porocUiin  crui-ible.  wmcr  ndib^l 
wbcQ  cool,  a  frw  dmp«  of  hyilrorhloric  acid  pourvil  into  it,  and  a  piece  of  clvnn  line 
laid  u|wn  the  rbloHdr  ofailTrr.  In  a  nhort  time  the  chloride  u  rliaosed  ihroucboni  ro 
A  icny  mats  of  iwlalllc  JkUn,  vhtcti  muM  1«  preMed  and  nibbed,  vhOe  raoist,  ftnt  villi 
water  coataiainf:  l\«dnichtvric  acid,  and  then  well  waited  wirb  pniv  water  and  tb» 
toBi^ljr  dried,     h  uiD  thvn  be  prcaerred  for  fatuK  tue 
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Imndlü  of  an  ivory  spoon,  the  masa  being  rendered  more  solid  bjr 
curcriilly  Upping  ilit  crucible  upoü  the  table,  uud  covtrt-d  with  thrve 
heapud  spoonfuls,  about  six  hundred  milligr^  of  salL  The  assay 
churgrd  in  this  way  is  then  fused  in  a  sqmire  coal,  as  iu  the  lead 
ikssaj,  p.  455.  ; 

Aft«r  the  fasioii  hua  lusted  for  five^  or  at  the  most  six  miuiitfg, 
the IV  is  obtained:  first,  a  perfectly  fluid  slag,  vhicb  U-comea  lijjUt 
gray  when  cold;  uud  fieeond,  a  metallic  button,  con&isting  uf  silver 
and  tin,  which  is  malleable  and  the  weight  of  which,  after  deduoLiug 
the  amouut  of  sUvor,  gives  the  amount  of  tin  in  the  subgUnce. 
upon  disstdviog  tlie  buttou  in  nitric  acid  the  tin  remains  as  oxide, 
and  tiie  silver  may  be  obtained  again  in  a  pure  state. 

B.  Away  of  Minerali   and  Artlflclal   Products  which  oontaia   the  Tin 

M  oxide. 

The  minerals  and  artillcial  products  tlmt  belong  iu  this  class  must 
be  assayed  for  tin  according  to  different  methods,  and  are  divided, 
therefore,  us  follows: 
a.  Those  which  arc  free  from  the  oxides  of  iron  and  admbttures  of 

metallic  sulphides  and  arsenidea 
6.  Those  which  eoutjiiu  beside  oxides  of  tin,  silicates  of  the  pro- 
toxide of  iron  ami  earths. 

n.  AsMi/  of  minerals  and  nrtißcial  proilncts  which  contain  the  tin  as 
OTtdc,  f  res  from  the  oxides  of  iron  and  admixtures  of  metfdlic  svl- 
ptiides  and  arsenidex. 

In  this  class  belong,  among  minerals,  the  pure  oxide  of  tin;  and 
oninng  the  metullurgicul  products,  ziouasche  and  enamel. 

As  u  mutter  of  course,  wiih  these  snbstanct'S  the  roasting  before  the 
reduction  of  the  oxide  of  tin  is  omitted,  and  also  the  treatment  with 
hydrochloric  acid,  provided  no  oxide  of  iron  or  copper,  or  acids  of 
antimony,  are  present  as  admixtures.  It  is  only  necessary  to  weigh 
out  one  hundml  millif^'r.  of  the  perfectly  dry,  finely  pulverized  caa- 
literite,  or  of  those  ]»ruducts  which  do  not  contain  silica,  and  to 
charge  the  same  with — 

100  milligr.  soda,  and 
30        "      bürax-glass. 

The  reduction  is  then  performed  in  a  clay  crucible  lined  with  char- 
coal, as  for  the  substances  belonging  undex  the  former  class. 

In  the  determination,  however,  of  the  amount  of  tin  in  cname), 
which  is  a  combimition  of  silica  and  oxide  of  tin,  it  is  necessary  us 
;?horgc  .jue  hundred  milligr.  of  the  same  with — 
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150  milli^.  sods,  and 
30        **      bomx-glasB, 

BO  that  tiie  silica  rouy  combine  villi  the  soda,  wliilfi  the  oxide  of  tin 
it)  redncni.  As  pnomel,  however,  often  oontaius  oxide  of  lead,  which 
ia  also  finsily  ri*ducid,  the  tin  obtained  in  this  case  is  not  pure,  hut 
is  alloyed  with  lead,  Sach  a  combiuution  caunut,  it  is  trtie,  be  sep- 
arated in  the  dry  way,  but  this  can  be  done  witii  nitric  acid,  in 
which  the  lead  is  dissolved,  while  the  tin  remains  Miiiid  as  iiisolu* 
bio  oxide.  It  is  then  only  necessary  to  wash  this  oxide  well  with 
wiiier  on  a  small  filter,  dry,  and  ignite  strongly  in  a  platinum  &]wou. 
'I'lio  amount  of  metal  can  be  easily  calculated  from  the  weight  of  the 
iguited  oxide;  100  equivalent«  of  oxide  of  tin  contain  78.6  of  metal- 
lio  dn. 

The  reduction  of  the  substances  that  bt^long  in  this  subdirision 
üau  also  be  made  in  a  clay  crucible  not  lined  with  coal»  in  the  aune 
mauDer  as  for  tlie  substances  iu  the  division  A.,  p.  471. 


i.  Assny  nf  producfi'  which  ettntain  the  tin  as  oxide  combipud  wiik 
Ftlit-aies  of  tfw  protoxide  of  iron  artd  of  the  earths. 

In  this  ohiss  lielong  principally  the  tin  shigs,  or  the  slags  from  the 
Sipi-ltiug  of  tin  ore,  which  are  disiiiignisfaed  aa  fnllows: 

■.  Shig»  {SteituscMhehn),  which  are  obtained  from  the  dirvcl 
smidliu^  of  the  tin  ore  (eassilerite);  they  often  contain,  besides  the 
oxide  of  tin  and  unaltered  particles  of  cafsiterit«,  A  couftiderable 
qminlity  of  fjlohntes  of  tin,  for  which  reason  they  are  re{»assei) 
thronjih  the  furnace. 

3.  Shgit,  which  result  fwm  the  second  smcUing  of  the  above-meo- 
iionod  sliyrs;  they  are,  it  is  true,  either  free  from  globules  of  tin  or 
at  1(*ast  much  freer  Cmm  tliem  than  the  above,  but  they  still  contain 
mope  or  less  of  rhemically  cnmbined  o\ido  of  tin.  as  well  as  some 
unaltered  [larticles  of  cassiterit«?  mechanically  mixed. 

These  slags,  the  former  as  well  as  the  latter,  cannot  be  assayed 
»oconling  to  the  methods  described  abt^re.  no  accHjunt  of  the  largv 
pi*rtvutnf:e  of  pntt.>xkle  of  iron  pr^siut,  which  is  combined  with 
•iticic  acid  and  sometimes  partly  with  tnngstio  acid,  because  Ihriv 
Would  r>*su!t  a  button  of  tin  containing  iron,  and  conse<|neiit)y  a 
I'ulae  jxTrt-ntagr,  As  hydrochloric  acid  cannot  be  nsed  to  scftarate 
the  prvtt«ixide  of  iron,  because  the  conibinadoa  of  tlie  silicates  is  not 
always  perfectly  decomposed  by  this  acid,  tliere  being  danger  al&o  of 
bringing  tin  into  the  solution,  another  mode  of  treatJucuL  mu^fc  tfC 
vmploytd. 


PRODUCTS  WHICH  OOKTAIK  TUT  AS  OXIDS. 

If  tlie  elags  oontAin  globules  of  tin,  several  ßtnnll  pieces  must  be 

pulverized  in  iin  iron  mortur,  the  powder  well  nii.xed  together,  and 
two  to  five  grumraes  weighed  oat,  according  as  the  globules  of  tin 

are  small  or  largo.  The  larger  and  free  globules  of  tin  ai*e  then 
removctl  with  the  forceps  und  the  powder  rubbed  liue  in  an  agatf: 

I  murtar,  in  small  porliuns  at  u  time,  the  pun.-  slug  bi-iug  each  time 
separated,  by  elatriation  with  water  in  a  porcelain  diah  or  beaker 
glass,  from  the  heavier  partielea  of  metallic  tin.  This  alternate  ela- 
triation with  water  and  pnlvtrization  of  the  residue  of  slag  iseanied 
on  until  all  the  slag  is  separaU'd.    The  [wrticJes  of  metallic  tin  are 

'  then  dried  in  a  porcelain  dish,  weiglied  along  with  the  other  globules 
of  tin  that  were  first  separated,  and  the  percentiige  ealcnhited.  The 
eluLriatwl  slag  is  collected  on  a  HUer,  dried,  and  prepared  by  a  fusion 
with  bisulphate  of  potjish  for  the  reduction  of  the  oxide  uf  tin  thai 
it  contains.  If  tin  slugs  are  to  be  assayed,  which  are  free  from  an 
admixture  of  globules  of  tin.  only  a  small  qaantity  is  rubbt.^  liny  in 
an  agate  mortar,  elutriated  also  with  water,  liecanso  it  can  only  be 
used  for  the  assay  when  in  an  exti'emely  fine  condition,  dried,  and 
prepared  like  the  prec<-diug,  by  a  fusion  with  bisulphate  of  putash, 
for  the  reduction. 

For  this  purpose  one  ctr.  of  elntriated  aud  dried  slug  is  curefully 
weighed  itiit  Then  fifteen  to  eighteen  times  its  quantity  (1.5-l.S 
gruiumes)  of  bisulphate  of  potassa  is  fused  at  n  low  heat  in  u  plati- 
num capäuU',  p.  21,  over  the  spirlt-Iauip,  atid  the  weighed  tilag,  as 
soon  as  the  fluid  salt  is  perfectly  quiet,  gradually  added  in  small 
quantities,  the  heat  being  increased  at  the  sjime  time.  This  fiit<iun 
is  continued  until  no  moi'e  nndeoom]>o8ed  particles  of  slag  are  to  he 
seen  in  the  glowing  and  fluid  mass,  and  no  bubbles  of  gas  ariae.* 
By  this  means  the  silicates  are  decomposed,  the  bases  are  for  the 
most  part  dissolved  (the  protoxide  of  iron  as  sesquioxide),  and  the 
silicic  acid  remains  with  the  oxide  of  tin.  Tungstic  acid  is  aleo  left 
behind,  if  prrsent  in  the  slag.  The  fused  salt*  is  then  dlesulved  in 
water  with  the  aid  uf  hcut,  the  platinum  capsule  along  will)  ibs  con- 
tents being  put  into  a  jiorcelain  dish  containing  water,  to  which  a 
few  dro[»s  of  liydrocliloric  aoid  ha%'e  l>e<*n  added,  so  that  all  the  ses- 
quioxide may  go' into  solution.  The  residue  is  collected  on  a  filter, 
washed  wijh  hot  water,  drii-d,  and  the  tilter  burned.  This  residue 
eootains  all  the  tin  as  oxide,  and  is  now  ready  fur  the  reduction.  For 
this  operation  it  is  mixed  with — 


*  It  fi  of  idTntiliga  to  cover  the  pltlinam  capsule  with  a  pie«  of  clowly-flttiiig 
ttimfotl.  In  ordiif  to  prcrent  any  raecbaoic*!  lost  and  «a  anoeoowary  «volution  U 
tutphuric  nciil. 
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150  millign  soda,  and 
30      "        boms-glass, 

the  mixture  pat  into  a  cylinder  of  aoda*papci  and  fused  in  a  cHy 
oninible  lined  wilh  chiircoul,  uä  dt-i5üribed  for  aeabstauce  in  the  diTi- 
flion  A.  A  niullcable  bnllun  of  tin  ulmoät  free  from  iron  is  thi^u 
Obtaioed,  if  tht^  fusion  with  bisiilpbate  of  potoäsu  has  bc^en  properly 
oondtictvd  und  if  tbe  sing  was  sufficiently  tine.  If  the  slag  contuiued 
a  notici'ulilc  amount  of  tungstic  acid,  which  could  not  be  Beparuti*d  by 
rauana  of  bisntpliat«  of  (Mjtasili,  the  tin  will  contain  a  little  längsten, 
because  the  luogstic  anid  is  also  reduced  and  the  tungaten  easily 
combined  with  the  tin.  The  amount  of  tungsten,  however,  is  seldom 
iniportiiut 

The  ivdnction  of  the  residue  obtained  from  the  fusion  with  bisul- 
phate  of  potash  can  also  be  made  in  a  clay  crucible  not  liued  with 
brasque,  with  tbe  additiou  of  silver,  according  to  p.  471. 

O.  Ass«y  of  Alloys  that  contain  Tin  aa  an  ingrwUent. 

In  this  chtt^  are  included  Ixdl  and  |:;iiii  metal,  bronze,  as  well  ta 
every  combination  uf  tin  with  h'ad,  biürauth,  zinc,  and  nntimonr. 
Since,  ho\vfVrr,  tbe  qimntitative  dotcrmination  of  the  tin  in  the  last- 
named  allov8.  and  aUo  in  bronze  when  it  contatins  lead,  as  is  often 
the  case,  is  vm  iimcruratt*  iu  the  dry  way  before  the  blowpipe,  but 
generally  easy  iitrd  more  exact  in  the  wot  way.  the  tin  a«say  proper  ii 
limited  to  bell  and  gun  mutal,  and  bronxe  free  from  k-ad. 

The  septi  ration  of  tin  from  copper  had  been  described  in  detail 
under  the  oippi-r  asÄiy,  p.  447,  whcr\\  however,  the  copper  only  is 
regarded,  and  no  attention  paid  to  the  tin.  If  it  is  purposed  to 
determine  tlie  amount  of  the  tin  at  the  same  time,  care  most  be 
takfn  to  lose  none  of  the  glass,  which  contains  all  the  tin.  beoins^ 
thi'  tin  must  be  reduced  from  iL 

When  the  iH'reentage  of  tin  only  is  to  be  determined  with  the 
bK>wpi|H>  in  an  alloy  eonsititing  of  tin  and  copper,  the  tin  must  fint 
be  oxi<iiz*d.  according  U>  the  method  deacribed  on  p.  44lt,and  in  (his 
•tato  cart-fully  scparattMl  fntm  tbe  copper  by  means  of  a  glass  tnudr 
up  uf  sihIu,  borux.  and  silica.  The  glass  cuntainiug  the  tin  ts  then 
palverised,  mixed  with  about  fifty  milligr.  of  eoda,  put  in  a  cylindor 
of  Aoda-paiK-r,  aud  fused  in  a  lined  clay  cnicible.  us  in  the  ordinary 
tin  assay.  After  the  fusion  the  tin  generally  contaius  a  truce  uf 
oopper,  because,  daring  tbe  separatioa  of  the  two  metAtef  a  very 
small  {Mrtiou  of  tbo  oxide  of  copper  is  also  generally  taken  tip  bfjj 
thi'  glass.  The  miulting  tin  is  tliea  weighed,  and  the  percent 
calculated 
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7.  THE   COBALT  AND   NICKEL  ASSAY. 

Among  the  minerals  containing  chiefly  cobalt  there  are  only  a 
few  free  from  nickel,  while,  on  the  otlicr  hand,  the  rainemls  and 
urcd  rich  in  nickel^  as  wcU  od  many  furnace  pruducts^  Buoli  as  the 
varioas  apeisaes,  which  occnr  as  intermediate  products,  partly  in  the 
man  ufaoturc  of  smalt,  and  partly  in  ämeUing  nicooliferoua  and  cubaU 
tiferous  silver  ores,  contain  more  or  leas  cobalt 

There  will,  ilierefoiv,  be  few  cases  where  either  of  these  metals  is 
to  be  quiUitiluLirely  determined  alone  in  a  subsUiuce,  but  they  must 
g^:ntrftlly  be  both  determined  at  once.  Since  the  method  to  be  fol- 
lowed is  the  same  fur  the  assays  of  both  metals,  their  assays  will  be 
described  in  common,  as  well  as  the  methods  by  which  any  copper, 
lead,  or  bismuth  present  can  be  simultaneously  determined. 

Cobalt  and  nickel  being  difficult  to  fti.Sf,  oauuut  be  sepaiiited  from 
their  cömi>ouuds  with  the  blowpipe  in  u  pure  metallic  state,  tiko 
ailvcr,  gold,  lead,  etc.;  bat  both  can  be  determined  with  comparatiTe 
ease  and  ^'reat  aceumcy,  by  si'parating'  them  in  combiuattou  witli 
arsenic.  The  method  ivsts  upon  the  fart,  stated  in  the  «[ualitutiva 
examination  for  iron  in  metallnrgiciil  products,  p.  234,  e/ x^f.;  that 
by  an  oxidizing  fuition.  with  borax  on  coal,  of  compounds  of  metallic 
ar»enides  coutuiniiig  cobalt  and  nickel,  the  arsenides  more  easily 
oxidized  than  arsenide  of  nickel  can  Iw  snccessiTely  slugged  off, 
according  to  their  oxidizability ;  so  that  fivm  a  «ubstanoe  consisting 
of  urscuides  of  nickel,  cobalt,  iron,  and  after  eeparating  the  arsenide 
(if  iron  and  any  excess  of  arsenic,  a  conipt)Uud  of  the  arsenides  of 
nickel  and  cobalt  remains,  in  which  each  of  these  metals  is  combined 
with  adufinite  quantity  of  arsenic.  By  tlien  slagging  off  the  arsenide 
of  col>alt,  the  quantity  of  arsenide  of  nickel  can  be  determined,  and, 
cunsequently,  the  proportions  of  both  of  these  metals  can  be 
calculated. 

If  one  centner  of  such  a  substance,  containing  but  little  iron,  is 
fused  with  some  borax-glass  in  a  shallow  eavity  on  uoal.  with  a 
powerful  K.  F.,  or  within  the  blue  llume,  until  the  comiwund  assumes 
a  rotary  motion,  and  thou  thu  0.  F.  is  directed  immediately  upon  the 
fused  bead  of  borax,  the  arsenide  of  iron  oxidizes  lir^it.  and,  when  a 
suitable  and  not  too  high  temperatm-e  is  employed,  covers  the  free 
surface  of  the  metiillic  compiiund  with  a  thin  crust  of  basic  arsenate 
of  iron;  this  is  <^rriL-d  into  the  borax-glass  through  the  motion  of 
the  mtital,  and  is  immediately  dissolved,  while  part  of  the  arsenio 
combinctl  with  the  iron  and  other  metals  volaiilizes,  as  can  be  per- 
ceived irum  the  odor  of  the  fimies.    If  the  blast  is  stoppt  d  when  the 
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gfsl  off.  A  vpry  Batisfactory  rcBnlt  is,  howerer,  obtained  if,  after 
»'pitrating  the  arsenide  of  cobiilt  and  determining  the  cobiilt,  there 
is  iidJtHl  (u  thu  compound  of  Ni*  As  and  Cu'  As,  in  which  the 
Amount  of  copper  must  not  exceed  that  of  the  nickel,  a  gold  button 
fiixit-  to  one  hundred  niilligr.  in  weight-,  according  to  the  amount  of 
copjvr.  The  slnpein^of  the  arsenide  of  nickel  is  then  oontinned, 
until  all  the  arsenide  of  nickel  and  the  arsenic  conihined  with  the 
copper  are  completely  removed,  and  the  alloy  of  gold  and  copper  showi 
a  hiigbt  snrraoo.  with  the  blmsh-green  color  ]>ecnlii»r  to  melting  gold, 
tis  wt'lt  aä copper,  while  the  button  remains  bright  on  cooltug. 

A$  iirsenide  of  nickel  is  slagged  off  very  slowly  with  borav,  salt  of 
phofphorus  is  best  employed,  and  the  process  performed  just  as  in 
tlie  «^'pnration  of  the  arsenide  of  c«*biilt  from  arsenide  nf  nickel.  Thi- 
ontiT  flame  is  directed  immediately  upon  the  glaSiS,  wil  h  only  n  feeble 
blast,  and  the  air  is  allowtd  to  have  access  to  the  button;  the 
arsenide  of  nickel  is^jradnally  conv'crted  into  basic  arsenut«'  and  dis* 
solres  in  the  glo^s,  which  it  colors  purv  yellow.  When  the  first  ptT- 
tion  of  salt  of  phosphorus  is  saturated  the  button  is  t^tkcn  out, 
cooled  in  water,  freed  from  slag,  and  treated  with  a  fresh  portion, 
until  its  surface  octisesto  be  covered  with  a  film  of  oxide  and  hegins 
10  show  the  blnish-grwn  color;  the  lost  portions  of  arsenide  of 
nickel  are  then  preferably  separated  by  means  of  borax«  in  order  io 
prevent  any  slagging  of  the  copper,  while  at  tb«  same  time  the  still 
remaining  aneuic  is  Tolatilised.  If  the  cnpriferons  gold  button 
«liows  a  dc<an,meta]Uc>lnstT0U8  sur&ce,  and  can  be  beaten  out  «hen 
cold  withonc  cracking,  it  is  weighed,  aod  the  copper  deCiHmiiiied  fWim 
the  incrcttse  in  weight. 

To  dtstermioe  the  nickel,  the  amoont  of  arsenic  beloagtng  to  the 
copper,  which  was  combined  as  Cn*  A5  with  the  \i*  As,  most  be  col* 
culated,  and  also  the  amon&t  of  Ni*  As  rvmaimng  after  dedocting 
the  arsenide  of  copper.  F^oin  this  the  amount  of  ni^el  can  be 
easily  ealcnlaled.  as  dtown  in  the  example  gireo  beJov. 

For  the  sake  of  brerity  in  caknlating  the  amounts  of  the  metab 
ftom  the  veögbed  arsenide^  Üieir  oomposition  is  taken  as  follows: 

Oo'As ^....6U^ooMt. 

NT  As «a7%mckcl, 

Co*  As 71.7  V.  copper. 

MMlcIa  vUck  4  «iMaObwSQ  m  iiialii  Iwtt  I  «m  '.'     ■'    "j 
umAiC  a»  fMvM  tkmmmä^  tm  iW  ttAmk  vU  pm  I'l  rffc  (npyv  miU\  Ar  As 

KV  JU")  I  iMl  Jii  T1LM  As  ftM  tl»  <X  «ük  inlspi  t*/»  Oi 
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replAoed  hy  Ni  And  Ft-,  line  rtr.  of  tli»  miniral,  powdcml  «nd  mixpil  vlth  ulxxit  HA 
tnuUgT.  soda  ami  15  mUtigr.  borax-f^luu,  ü  treated  in  a  Kidn-pap«r  ryltiidcr  on  coaJ 
with  the  It.  P.,  until  all  tb«  metallic  parta  hnvc  iinitetl  in  a  button,  vrbto  the  iriflinK 
»inount  of  iron  gon  inio  ibt*  flux  nnd  most  of  ttio  ancnic  ToliiiltziM.  Any  mitphnr 
|»nacnt  i;t>o*  ini"  <hv  tliix,  catiHing  it  tm^tly  to  sink  into  tbc  conl.  The  bniton  U 
mncnxd  friim  ifw  «ml,  fired  from  ^U^.and  fw^ii  on  another  co«!,  in  a  hqI  hw  shollow 
cnviiT.  wiih  ti>«'  K.  F.,  tiiiül  no  more  niscnic  rolatiDstca.  Tbore  retnoina  n  compoiinil 
weiphinp  Mlmiii  33  millipr  Too  sironp  a  Hiiinc  ma;  cause  mccltaiilral  low  ilirouph. 
ppiittrriiij: :  ihr  ßanw  »liould  be  ju»l  cnfTicicnt  to  keep  the  burton  fluid  and  bright. 

Thft  rvnijiiiniig  f(>ni|JOiinil  of  nrm-nii-  and  (^bnU  giv»-«  tbo  cIrnWBt  pruof  Ihat,  of  iha 
7S.95  iiiilliyr.  of  ursciiic  prv-irtrnt,  2 J  parts  =:  65.8  milligr.,  Iia^-c  Ihx-b  volaliliwd,  »nd  unlj- 
i  pan  s  t3.l0  miltigr..  remain  with  ibcmball  and  the  little  nickvl.ln  a  (»mbinalion  of 

I  atom  =  38.40  Aa,  with 
4  aiottu  =  61.M  Co. 

DiwBgwding  the  nickel,  the  rnnninint;  hniton  would  conlaiti^ 

100  :  61.54  : :  33  :  20.3  millijrr.  coball ; 

a  result  nearly  cnrrexpoodinK  with  the  compoMti[>n  of  pare  »knttcradf  te  n»  giren  above. 

Bv  trratin;;;  ihi«  hulton  witli  borax  on  conl  in  a  ftvMc  O.  F.,  ailding  frcsb  pcn-tiona  of 

tiorux  nniil  il  wax  a  little  colorcl  wiih  nii-kcl,  And  then  wci^^lilnf;  the  rcmninin;:  button, 

the  amnont  of  Co*  As  »otild  I«  found  by  the  loss  in  wcia'it.    Suppose  that  2.5  milti]>r. 

N*{*  A»  remain  anuT  thi»  tr&itmcnt,  thm  33  —  2.A  =  30.5  mllligr.  Co'  As  huve  bvcn 

.      61.5  X  .tO.5 
•cpftixled,  coQl&imng  — t^q —  =  18.7  milligr.  (or  p.  c.)  Co. 

60  7x25 
To  calcobiw  Ike  nickel  in  the  romnining  S.5  miHi^p-.  Ni*  Ab,  we  hare      ' .-- 

=  I  r»  niillifC'.  iti<-kcl. 
Pare  »mvo/he«  conaists  of 

1  Atom   s=  S6.I  A«, 
8  alomii  —  43.6  Ni. 

Generally,  there  u  about  1  p.  c.  of  foragn  hodte»,  as  Co,  Fo.  Pb,  Bi,  and  S.  On 
ircfliTn^  I  err.  with  50  milliRr.  borax-gloss,  first  with  the  R  F.and  then  wiih  the  O.F., 
tinlil  thi"  arwnidc  of  iiirkcl  lipgins  to  oxidize,  then  etopptng  the  blast  imrrpdinli-Iy, 
ftwiuf:  the  button  fW>m  t\»p,  and  fneinf:  it  alone  on  conl  with  a  moileratc  1i.  F.,  until 
the  nrti-nir  fiimva  itum',  a  Inilton  wclKbliij:  only  nbimt  "I  milUp".  rwiulis,  and  it  ba^ 
iht-Tvfiiit-  ]mt  Rl>rnit  29  "/•.  The  ehitf  loss  it  caused  by  the  nit  ktl  violdinp  half  of  ica 
anmic.  Sini-v  nit-colilc  contains  56.4  Va  A»,  obout  28  prnls  volatilize  and  the  ml 
Rmains  with  the  nicki'l  a«  Ni*  As,  a  constant  eomponnit  consisting  of— 

1  atom    =39.37  A^ 

4  atoms  =  60.73  Ni. 

Remembering  thut  the  ntccolite  {*r'>'^<'Ally  rontalni  a  few  foreign  ingredieots.  snd  ther». 

fare  lost  by  the  prcvL^us  trcnimtut  29  p.  c.  of  its  we E;;bt,  vre  Qod  Ibis  loss  to  consist  ot- 

S7.4  =  As  romhtnetl  nith  the  nickel, 

0.6  =  Aa  combined  with  ccbolt  and  iron, 

1.0  =  Co,  Fe,  Fb.  BI,  and  8. 

»9.0 
The  remaining  71  'A  of  arsenide  of  nickel  must  then  correspond  nearly  to  the  compt^ 
sition  Ni*  As.     Pure  niccolitc  contains  43.6  p.  c.  Ni,  and  tberrfuro.  ilisreganling  tka 
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Wlicn  ciperionco  is  wunting  in  regard  to  tlio  proper  temperature 
iiud  till'  vuriiiiift  plicnotnena  of  this  asBar,  the  resulting  button  may 
he  ugaiit  fused  M'ith  u  littlo  borax  ou  coal  for  a  sbort  timts  aud  tbv 
melted  glass  examined,  to  see  whether  it  is  colored  brownish  bv 
uxidtf  of  uick'.d,  or  violet  from  a  mixture  of  some  cobalt  reinttining 
(ir  only  blue  from  oxide  of  cobalt-  In  the  latter  case  the  Imttou 
mngt  he  aguiu  weighed  and  the  amounts  of  colwdt  and  nickel  reek- 
uued  anew,  provided  that  all  cobalt  is  now  really  separated. 

When  treating  smaltite  or  cobalt  «peie«,  which  oft^^n  contain  so 
much  arsenide  of  cobult,  thiit  one  fusion  ia  not  sufiioient,  the  blast 
mu&t  be  stopped  when  the  borox-glasd  appears  to  be  satum1e<l  in  the 
first  fusion,  freed  from  the  slag  in  water,  and  treated  with  fresh 
fljorax-glass,  until  all  cohalt  is  removed,  or  the  glasg  is  again  satu- 
o^ted.  In  the  former  case,  that  is,  wliou  apple-green  spot«  apjK-ar 
•nn  the  surface  of  tlie  HobdiGed  button,  tbe  slug  is  reraOTed  and  the 
button  weighed;  in  the  other  case,  the  cooled  button  is  covered  on 
the  surface  with  a  gray  or  dirty-yelldn-  film  of  oside,  and  the  fusion 
must  be  repeated  with  a  third  and  not  too  large  portion  of  borax- 
glass,  the  operation  being  continued  with  fresh,  but  constantly 
derreaaing  portions  of  borax -glass,  until  all  of  the  arsenide  of  cobalt 
is  removed.  « 

If  tbe  borax -glass,  after  saturation,  were  farther  treated  with  the 
blue  flame,  the  art^cnidc  of  cobult  in  the  button  would  indeed  grad- 
ually oxidize,  but  portions  of  it  wonld  be  reduced  again  from  the 
glass  by  the  reducing  action  of  tbe  glowing  coal,  und  the  oxidizing 
pntcess  would  only  be  pi-olonged.  It  is  therefore  better  to  remove 
the  Iiu5t  iif  the  cobalt  with  fresh  borax-glass. 

If  the  assay  contains  a  notable  amount  of  Bilrer,  this  must  U* 
determined  and  deducted  from  the  arsenide  of  nickel  as  sulphide  of 
silver,  in  which  state  it  occurs  in  the  arsenide,  Iwfore  the  nickel  oan 
I>e  calculated.  For  this  purpose  the  button  is  fnspd  with  enuujjh 
test  lead  and  some  borax-glass  on  coal,  and  then  cupelled  according 
to  p.  417,  ei  »eg.  The  resalting  ailver  is  reckoned  as  sulphide  of 
silver,  IW  parts  of  Ag  yielding  113  parts  Ag  S. 

When  the  snhBtance  is  to  be  fused  in  a  clay  cmcihle  instead  of  a 
coal  cnicible.  the  weighed  amount  is  placed  in  it  and  freed  from  the 
excess  of  arsenic,  if  considerable,  by  gentle  ignition,  according  to  p. 
45Ö,  until  no  more  fumes  are  observed.  To  the  mass,  which  is  geu- 
vmWy  xinf fired  together,  three  hundred  roilligr.  of  the  fluxing  and 
reducing  agent  are  added,  withont  mixing  it  with  the  stibstunce,, 
and  then  a  cover  of  three  spoonfuls  of  salt,  as  in  the  lead  and  bis- 
muth aamys.    The  fusion  is  conducted  just  as  in  those  us&js.  and 
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-^vrids  a  perfectly  fluid  slag,  through  which  »ay  be  seen  the  button 

■^metallic  arsenides  at  the  bottom,  when  the  coal  cover  is  removed. 

-  -^flÄBT  breaking  open  the  cold  crucible,  the  button  is  treated  on  coal, 
Inording  to  p.  481.  when  the  presence  or  absence  of  iron  is  at  once 

-ijpijiliiiiied,  and  the  assay  completed  as  there  directed. 
-*TR>  determine  bismuth  at  the  same  time,  the  substance,  freed  from 

ri^jbeeBB  of  arsenic,  is  fused  in  the  clay  crucible  with  the  flux  and 
<i|dlicing  agent,  and  an  addition  of  iron  and  silver,  as  directed  for 

•^e  quantitative  bismuth  al^say,  p.  459.  The  combination  of  arsen- 
ipM  of  iron,  cobalt,  and  nickel,  which  has  been  more  or  less  broken 
iHp  in  separating  the  bismnthiferous  silver,  either  between  pujier  on 
^ibe  anvil,  or  in  the  steel  mortar,  is  fused  on  coal,  or  in  a  coal  cnici- 
WB>  in  the  R.  F.,  with  soda  and  borax-glass,  to  a  button,  which  is 

-teeated  as  before.  The  amount  of  iron  being  increased  by  the  ad- 
^tion  of  the  metallic  iron,  two  or  more  portions  of  borax-glass  are 
iometimes  necessary  to  remove  all  the  arsenide  of  iron  from  the 

«rsenides  of  cobalt  and  nickel. 

to  abow  how  accurate!?  cobalt,  nickel,  and  iHamnth  may  be  determined  in  a  nib- 
flkSBOe  consisting  mainlj  of  metallic  arsenides  with  an  admixture  of  native  bismuth,  the 
ftdlowing  example  is  given  : 

100  milligr.  cloanthite  (  WeismidcfiJaes)  from  Schnecberg,  pure  and  free  from  bis- 
muth, was  powdered  and  mixed  in  a  clay  crucible,  with 
15      "  metallic  bismuth,  also  powdered, 

md  the  excess  of  arsenic  removed,  according  to  p.  459. 
To  Uw  nearly-fused  mass  were  added — 

30  milligr.  iron  in  one  piece, 
102       "        silver, 

300      "       fluxing  and  reducing  ageot, 
3  spoonfuls  salt,  as  a  cover. 

The  ftision  yielded  a  button  which  showed  on  its  sarface  a  sharply-defined  line,  and 
flVoM  be  so  easily  separated,  that  the  bismnthiferons  silver  was  obtained  almost  pure. 
It  wi»  carefully  melted  with  borax,  according  to  p.  460.  freed  from  slag,  and  fonnd  to 
wc%h  117  milligr.,  and  thereibre  contained  117  —  102  =  15  milligr.  bismuth 

The  metallic  arsenides  and  the  little  slag  from  the  bismnthiferous  silver  bacton  were 
ftuod  with  a  small  amount  of  soda  in  a  coal  crucible,  the  resulting  button  freed  from 
snenide  of  irun,  as  before  directed,  the  excess  of  arsenic  volatilized,  and  the  button 
«righed.  It  weighed  46  milligr.  Some  of  the  nickel  in  cloanthite  is  generally  replaced 
by  cobalt,  and  the  button  was  therefore  treated  with  borax-glass,  according  to  p.  476. 
llT  which  4  milligr.  Co*  As  were  removed.    The  button  therefore  consisted  of— 

46  -  4  =  42  milligr.  Ni«  As,  with  ^^^—  =  25.5  milligr.  Ni. 

And  4      "       Co«  A»,  with      '^^q     =    S.3      «       Co ; 

'Sdng  about  28  mflllgr.  nickd  and  cobalt  together,  which  correiponds  with  dw  oom- 
porftbD  of  cloauthita 


*^l 


PLATTXBB's   BLOW7IP1   AirALTSA 


B.  Assay  for  Cobalt  and  Nlckal.  and,  U  reqnirwd,  for  X.«ad,  Blamath,  or 
Copper  at  the  iam«  time,  in  Mlnerala,  Ore«,  and  ProdneCa  coBtal&lS| 
Cobalt  sad  Nickel^  with  perhapa  olbcr  mvtaU,  comUbmI  putly  «itk 
Ar«eiuc  and  partly  witly^alpbor,  or  «nttrcly  with  Sulpbnr,  aad  oo»- 
taininf  at  th*  same  tim«  a  greatar  or  1m«  admixlvr*  ci  oth*r  metallic 
■nlpliidaa  or  aartby  mattan. 

lu  this  diusa  MTV  incitidedf  amoug  minptaU:  eobaiiitt^  glancodtiL, 

naeitf^  miUerilf^  grünamitt,  rnml  pgftilamiUe;  hirtber,  «tl  rob/M  and 
«uioM  «rrjr  dnr:ised  on  the  large  seale,  ^m^iallr  mixed  wiUi  earthy 
gangoes  aod  ct>ntaiuing  fhgqoratlj  niepicktl  or  iron  pTiit««,  aad 
aofe  nrvlj  oopprr  prrih«:  among  nrUllaigical  pn>dQCC5;  k<iH 
ipauttM.  »bich  oonUin,  be«de«  arsenid«  of  eobalt  and  nickel,  inacb 
arsenide  of  iron  and  KTetal  metallic  ealphides ;  aldn  uiecolifmm»  ai>d 
Itiftrmut  ifod  maft   and  Hvkfiam. 

Drrased  ores  containing  arseDidca  of  iron,  oobalt,  and  oickel,  with 
ooljr  a  grrater  or  )<«s  anH>ant  of  f«nhT  iogrpdient«.  can  be  hard 
iniiiedutelT  in  a  clar  cnwablet  aceonbng  to  pi.  490 ;  tf,  hov>Tcr.  tKe; 
arc  not  (re«  from  an  admiitnre  of  prritrs  and  nufpickcl,  ae  wvU  u 
mlpbidea  of  antimonj,  bismuth,  and  lead,  whkh  can  h*  maetrtainK^ 
b3raaiBkpletcaftoaooal,ikejmii«t,like  Hhe  other  wdplinr  compoandi 
abore  named,  ht  oonpk^lr  roasted  on  a  elaT  capsole.  acoording  t« 
|h.  438  ;  at  firat  alone,  bat  afterward,  vfaen  they  cease  to  «Tolre  an; 
odor,  with  fiftj  to  sixiT  miUigr.  of  carbonate  of  aianonta.  which  it 
triturmtrd  in  the  naortar  with  the  poartfd  a— y.  Tba  nanhing  oxide 
mnst  be  oouTeitcd  into  afaenidaa  br  a  laxgi»  addition  of  metallic 
anenic  vhicb  can  b*  do««  in  a  day  cmdble,  or  in  a  tnbe  closed  aH 
one  end. 

When  the  eonvccsioik  of  tte  nsrialKe  oiidtt  into  mrtnUip  aaenidea. 
ur  lb«  "arMMMMfp*  oan  be  done  onbade  of  the  labofaior;  it  if 
prrfcvnned  aa  follows:  the  roaated  powder  t?  mixed  in  t]»e  agate  mor- 
tar  with  one  bnndred  BÜIligr.  of  pnlreriaed  nettlUc  aramic*  and 
poarvd  into  the  daj  cnMtfale,  which  is  aüan  to  be  used  fee  the  sabse- 
^sent  ftiSkOD.  This  is  net  o«  aa  is%m  wire  risg  im  a  aqoare  coal  fixed 
in  the  ooaMMUkfr  as  described  for  tibe  fasio«  «f  tb«  lead  asasj» 
1^  451 ;  the  etocible  is  the»  eovcred  with  a  day  capswV  and  the 
whole  with  a  perforated  coal  oonr.  Tbe  ooal-baldcr  is  kept  at  some 
dtstaacw  fK>m  tbe  Ump  and  the  hot  fetwlncta  of  ccibnitiaa  directed 
into  tbe  wterior  of  tbe  ooaX,  «be«  tbe  craeibfe  bffoiai  oo  stnmglT 
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heat^'d  that  the  arsenic  boKin:)  to  sublime  and  exerts  a  reducing  action 
on  the  tree  mcUlÜc  oxides  and  l>asic  arsenates,  fnrming  urseiiüUH  uoid 
and  suboxide  of  arsenic,  find  at  the  mime  time  changing  into  arseu- 
idee  th<jee  metals  wliich  have  a  tendency  to  combine  with  it.  The 
crucible  ie  heated  to  luw  rednesa,  eo  as  to  volatilize  the  excess  of 
arsenic^  ob  far  us  this  i»  \KtS6\\}\K  witlumt  access  of  air,  and  to  sinifry 
or,  nnder  certain  circumstances,  fuse  tugether,  the  metullic  arsenides 
furmed.  When  the  excess  of  arsenic  is  expelled  the  iron  wire  with 
the  covi-red  crueitiJc  is  removed  frnni  the  coal.  i\s  in  the  case  of  the 

»nu'ltt'd  li'jid  :i8aay,  und  placed  on  a  stand  to  cool,  with  the  cover  still  on. 
When  the  arsenicizing  mnst  be  performed  in  the  laboratory  the 
mixture  of  ore,  etc.,  with  mctuUic  arsenic  is  placed  in  the  mi.\iu>r 
capsule  and  tht-nce  tnmslerrcd  to  u  perfectly  dry  glass  tub*',  closed 
at  one  end,  and  gradually  heated  to  glowiug  over  the  spirit-lamp. 
As  before,  the  oxides  and  arsenates  are  converted  into  arsenides, 
while  tilt:  excess  of  arsenic  sublimes  und  condenses  in  the  t?«ol  part 
of  tlie  tube.  When  cold  the  tube  is  cut  with  a  tile  close  under  the 
sublimate,  broken  off,  and  the  metallic  arsenides,  which  geiicnilly 
form  a  dark,  yellowish-gniy  |KJwder,  pnured  into  the  clay  cnicible 
destined  for  the  fusion,  while  the  tube  is  denned  into  it  with  the 
f)rutu]a  and  brush  and  the  assay  charged  as  will  be  directed  below. 

By  eillicr  process  the  arsenicizing  yields  metallic  arsenides  con- 
sisting, in  proseiioe  of  i)n.tto.vidfS  of  iiicki.*l  and  cot^lt,  ses<|uio.\ide 
of  iron,  and  oxides  of  copper,  lead,  and  bismuth  of  Co*  As,  Ni'  Ah, 
Ca*  As,  and  componnds  of  lead  or  bismuth  with  indeliuite  pro(>ortiona 
of  arsenic:  the  eesquioxide  of  iron  is  chiefly  converted  into  Fe'  As 
and  partly  into  proto-scsquioxide,  while  sulphate  of  lead  is  changed 
to  sulphide.  Any  oxide  of  zinc  remains  nnchaiiged,  bnt  is  reduced 
by  the  subsequent  fusion  of  the  assay  and  volatilized  during  the  treat- 
ment of  the  nielalbc  arsenides  uu  c<jal.  If  the  roastwl  assay  tuntaiued 
iicids  of  antimony  they  mv  reduced  und  ohimged  to  arsenides  ofanti- 
m(»ny  of  uncertain  conip^wition ;  although  these  \y»&%  into  the  button 
of  metallic  arwnidi-s  fornu-d  dnring  the  fusion,  they  arc  volati I ize<l 
while  tivatitig  tills  Uli  eoal. 

Onewiitner  of  tlie  finily-pulvcrizcd  euhsl^ince  to  lie  as^ay^d  nav- 
iDf,  if  it  contains  metallic  sulphides,  been  roafited  thunntghly  and  tin» 
tree  oxides  and  basic  arsenates  thus  fumied  convei'tt-d  lutu  arsenides, 
the  question  arises,  whether  thf  substance  contains  k-od  or  bismuth  'i 
If  thisisfonnd  to  be  the  caee  by  testing  a  little  of  the  raw  substance 
on  Cfial,  these  metals  can  be  separated  during  the  fusion  and  quanli- 
t-atively  deieruiined.  U  is  only  necess^iry,  us  directed  iu  tlu!  bismuth 
ft   aaaay.  p.  459,  to  add  tu  the  arsenides  iu  the  crucible  a  piece uf  iron  wir« 
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weighing  aiHJiit  tweiitv  miUigr.  and  un  exactly  weighed  amoaot  of 
silver,  from  tifty  wone  hundred  milligr.,  so  that  an  alloy  of  bismatli 
or  It'ud  and  silver  is  oblaiiied  during  the  fnsion,  from  the  weight  of 
which  th<>  amount  i>f  U'Otl  or  bismnth  can  be  ascerLaiui-d.  If  tbc 
Bubstance  cuuLaiiis  none  of  these  metals,  or  only  an  iuii"oporl4Uil 
amount,  which  cuu  be  volulilis'.'d  during  the  scparatinq  of  the 
arsiuidc'  of  iron  and  the  excess  of  arsenic  on  coal,  p.  481,  the  iron 
und  silver  arc  oinittt^d,  uud  the  following  snbstuuces  at  ouoe  added 
to  the  enhätaiice  already  iu  the  cracible: 

300  milligr.  Huxiug  and  rednciug  agent,  which  16  preascd 
down  Boniewhat  with  the  spoon, 
3  8[HH)nfuU  of  «alt  as  a  cover. 

The  fusion  is  conducted  aa  in  the  lead  nssay^  p.  4Ö5,  and  the  heat  mitat 
he  rather  strung  toward  the  end,  so  ua  to  collect  the  rtrscitide  to  one 
button.  Afti-rcontinninglhe  pi-oiKTtemptTatureforfivuorBix  nüniilc« 
the  arsenides  collect  in  a  round  button  at  the  bottom,  while  the  eiirrhy 
matters  and  the  oxides  whicli  do  not  separate  in  the  metjillic  Male 
are  conipKtfly  slagg(?d  uff.  If  iron  and  silver  hud  been  addi'd  lu  8i'i>- 
arate  any  lead  or  bismuth,  tlie  iron  paaaes  iuto  the  metallic  arseuidt^i, 
and  the  lead  or  bismuth  forms  an  alloy  wittt  the  silver,  which  joins 
nith  the  anieuidcä  to  one  button,  but  only  fomiti  an  adherent  part  of 
it,  uud  cuu  easily  he  mecliuuicully  separated,  as  has  been  fully  de* 
scribed  in  the  bismuth  assay,  p.  459. 

If  the  substance  contains  more  nickel  than  cobalt  the  metallic 
arsenides  unite  very  easily  to  a  button,  but  otherwis«?,  the  union  is 
more  difficult  in  proportion  u«  the  cohalt  exceeds  the  nickcL  A 
oomlüuatiou  of  arsenides  of  iron  uud  cohalt,  however,  also  fuses  eitsilv, 
and  as  thepe  two  arwnides  can  be  separated  without  any  important 
loss  of  cobalt,  tlie  evil  mentioned  ean  Ijc  remedied  by  conibiuing  the 
arseuide  of  cobalt  with  a  corresponding  amount  of  ar>enidc  of  iron. 
This  is  done  by  adding  to  t!ie  raw,  or  the  roast*?^!  and  arsenicizcd 
substance,  according  to  the  cobalt  present,  teu  to  tweuly  milligr.  of 
iion,  iu  ci»se  none  had  been  mlded  to  separate  any  bismnth. 

AV'heii  the  snbgtuijce  seems  very  poor  in  nickel  and  cobalt,  so  that 
it  would  be  difficult  to  obtain  a  jrerfectly  fused  button,  some  collect- 
ing agent  must  be  em]dt)yed,  which  c^n  bn  eimly  slugge*!  oir  fri>m 
the  arsenides  uf  cobalt  and  nickel.  Ärseuide  of  iron  serves  heru  also. 
Piftefn  to  twenty  milligr.  of  arseuide  of  iron,  formed  directly  in  a 
clay  crucible  from  iron  lilirgs  and  metallic  arsenic,  arc  added  t4)  the 
substance  to  be  fused,  or  wheu  the  substance  is  arsenicixed,  ten  tc 
fifteen  milligr.  of  iron  filings  arc  added  also,  in  order  that  the  neces- 
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Hiii^  nmuiint  of  arscnidt.'  of  in>n  miiy  be  present  already.  The  filinga 
can  be  uuiitittl  wbeu  tbe  ixmsted  »ubfitauce  i'untains  much  oxide  of 
iron,  which  secures  the  formation  of  arscuide,  but  a  bit  of  irou  luid 
thv  necee^ury  auiuuut  uf  eilver  must  always  bo  uddod  wheu  the  lead 
ur  bismuth  is  to  be  deterniiütML 

When  thi*  fnsion  has  beon  successfully  accomplished, ».  ft,  uheu  the 
slug  iä  perfectly  fluid,  and  the  uielted  button  can  be  seen  ut  the  Iwt- 
toni,  unless  the  slug  eoutaius  t<w  much  protoxide  of  iron,  or  cwil, 
which  dually  oxidizes  at  the  expense  of  (he  curbouic  acid  of  the  alka- 
lies, the  crucible  ia  set  aside  to  cool  on  itä  stand;  otherwise  the  assay 
must  be  kept  at  a  melting  heat  for  sonu-  time  longer.  Wlieu  cool  (he 
crucible  is  brokeu,  and  the  button  cuivfully  separated  from  the  slag 
on  the  anvil. 

If  silver  has  been  added,  the  alloy  is  sepnnited  from  the  metallic 
arscnideü  between  paper,  or  in  the  steel  mortar,  freed  from  adhciviit 
slag  with  bunix,  p.  4f>l.  and  the  lead  or  bismuth  determined  by  the 
iuorcase  in  tvcij^ht.  The  ar^t-nidts  und  the  slag  last  removed  fVoin 
the  alloy  are  fusini  in  the  B.  b\  with  guda  and  the  metallic  ursi^nides 
aepurated,  as  given  on  p.  475.  The  substttnco  ia  seldom  free  from 
nickel,  and  tlien  the  bulton entirely  disapjH-ars  when  treated  with  0*661) 
[xirtions  of  borax-glaä^;  if  utlierwise,  there  remaiuri  a  button  which 
can  be  recogniKcd  us  arsenide  of  nickel,  cither  by  the  üI^us  given  on 
p.  47ti,  or  by  the  last  addition  of  borax,  even  when  it  only  weighs  one 
tnilligmmnie.  If  everything  dissolvea  iu  the  l)urax,  the  cobalt  ia  tu 
be  calculated  from  the  weight  laiit  noted  down,  according  to  p.  47'J ; 
bui  if  a  little  Uuttouof  uräeüideuf  nickel  remains,  it  must  be  weighed, 
and  the  cuhilt  reckoned  from  the  ditfereuce. 

When  the  substance  also  coutuiua  copper,  this  will  be  present  iu 
the  a'-benicrtl  compound,  winch  la  then separutetl  as  follows:  llrst,  the 
ar:?euidc  of  iron  is  removed  with  borax,  according  to  p.  476;  any  zinc 
ur  antimony  present  is  also  volatilized  at  the  same  time;  the  excess 
of  ars<'nic,  Mith  unyreinuiniugautimouy,  is  volatilized  next,  and  the 
lU'senidu  weighed,  after  whieh  the  colmlt  is  removed,  lejiving  u  coni- 
{luand  of  araenides  of  nickel  and  copfter,  which  ia  fused  with  eighty 
to  one  hundred  niilligr.  gold,  the  nickel  separated  with  salt  of  phos- 
phorus, according  to  p.  47H,  and  the  cupriferous  gold  weighed,  after 
which  the  amounts  of  the  metals  cau  be  found  from  the  ivsultsof 
the  respective  weighings. 

The  wet  way,  although  more  complicated,  may  also  be  used  for 
deterininiug  the  cop|.»er  and  nickel  after  removing  the  cobalt.  The 
button  is  dissolved  iu  a  test-gloss  with  a  mixture  of  about  three  part« 
dilute  sulphuric  acid  and  one  part  nitric  acid,  by  warming  it,  and 
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the  copper  and  arsenic  are  precipitated  with  eulphtiretted  hjdrogeo.* 
The  ftulpliijus  luv  scjKirut«!  by  fiUration  from  the  sulutiou  contsin- 
ing  alt  the  nickel,  washed  with  sulphuretted  hydrogen  water,  and  the 
clear  sohuiuu  wanned  in  u  porcelain  veaset  over  the  spirit-lauip  uuLil 
nil  Jie  fulphiiretted  hydrogen  is  driven  olT.  Someäniphideofarsenio 
l{(-nurally  eepurat^-s,  which  must  hu  reuiuved  by  a  second  fUtration^ 
and  then  the  protoxidi*  of  nicktl  is  preeipitatcd  with  not  too  oonoen- 
tmtcd  a  solution  of  potosBo.  The  precipitate  is  oolleoied  and  washed 
with  hot  wat«r  on  a  GUer,  dried,  and  ignited,  or  reduced  to  metallic 
nickL-l. 

In  the  former  case  the  precipitate  ia  transferred  to  the  platijiuni 
eapsiilc,  and  the  usho8  of  the  fiU«r  added,  when  the  whole  ia  strongly 
ignited  and  the  aniuunt  of  nickel  dediici-d  fruin  the  weighv  of  the 
jiroloxide,  after  subtractiug  the  weight  of  the  filter  ash  ;  100  ]iart£  uf 
Ni  contain  78-38  parts  Ki.  The  aeh  givou  by  the  filter  must  b« 
]iivviotid1y  determined;  the  protoxide  uf  nickel  should  not  follow  the 
niagut-U 

in  the  second  case  tlie  dry  precipitate  and  the  filter  aeh  are  mijted 
with — 

50  milligr.  soda. 

ÄÖ       *'       b<im.\-gla»6, 

luid  a  weighed  gold  button,  and  treated  in  a  sodu-pajKir  cylinder  on 
coal  with  the  K.  F.,  until  all  the  nickel  is  reduced  and  combined  with 
tlie  gold;  the  amount  of  nicko!  is  ascertained  frora  the  increase  in 
weight  of  the  gold  button. 

To  determine  the  cup|)er,  the  wnshed  sulphides  an»  dne<l  and 
gi*adini1ly  heatod  in  a  di^ep  porcelain  vessel,  p,  43,  Fig.  (J2.  over  th« 
spirit-hiinp.so  strongly  that  uU  the  sulphide  of  arä(>nio  volatilizes  and 
only  sulphide  uf  copper  i-emaina.  To  avoid  loss,  the  dry  precipitate 
is  lirst  transferred  to  the  vessel  and  then  llie  Ulter  ash  added.  The 
heat  may  be  continued  until  most  of  the  sulphide  is  oonvertod  into 
sulphate  of  copixr,  und  wln-n  the  odor  of  sulphurous  ueid  ceases,  six 
to  eight  times  us  nnich  dry  bisul])harc  of  potassa  is  ailded,  brought 
to  fusion,  and  kept  su  at  a  moderate  red  heat  until  all  the  copper  ia 
dissolved.  It  is  well  to  cover  the  vessel  with  a  piece  nf  platinum 
foil  during  tliis  operution.  The  cooled  mass  is  then  dissolved  by 
placing  the  vessel  with  its  eoiiteuts  in  another  porcelain  vessel  half 
full  of  water  and  lusting  it  well  over  the  lamp,  after  which  it  is 
tiltered,  if  necessary,  the  solution  brought  to  boiling  heat,  and  the 
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copper  precipitated  by  not  too  concentrated  a  solution  of  i>ot:iö3a.  It 
lA  Ujcq  collected  on  u  tiitt-r,  well  wualied  with  hot  water,  dried,  i^itcd, 
and  weighed  with  the  tiUer  ssh.  After  deducting  the  oäh  JVom  the 
weight  of  the  oxide  of  copper,  tliti  metallic  copper  can  he  easily 
osocrtuiiicd  by  rcckoniug  iU.S  parts  of  copper  fur  uvery  100  parts  of 
thu  oxide  obtained.  The  result  is  more  reliable  when  the  oxide  ol 
copper  is  reduct-d  to  the  metidUc  state  with  a  gold  button,  just  like 
.      the  nickel  above. 

K  When  one  of  the  snbstaiicea  of  the  eocond  class  contains  a  notable 
^uimutiut  of  silver,  this  must  be  deducted,  either  as  sulphide  uf  silver 
HWon  the  arsenide  of  uickel,  if  the  giibstance  was  fused  in  the  raw 
~  »täte  nithunt  addition  of  iron  or  silver,  or  iw  metallic  silvur  from  the 
^  reduced  bismuth,  if  the  subätjuice  was  roasted,  argenicized,  und  fused 
H  witli  iron  and  silver,  as  directed  iu  the  bismnth  assay,  p.  460. 

Krumpie. — A  Icid  spcis»  I'TOm  ibe  FreilJW|E  SiodUng  Work»,  corichrd  bv  «mconira* 

uou  fiir  uitkul  lUid  lhiImiU,  Itui  Htill  rvry  imijaro.  wu  fuuuil  hy  qualitativ«  toau,  p.  .19a, 

\  U>  t.-uti)4»t  of  aRtcniilc»  of  iron,  nickel,  »iitl  cubolt,  fliiil  Bulplidlt;  uf  cti|i{)cr.  leoil,  xinc, 

Kncl  ftDtintdiiy  ;  the  triHing  Hnidiinl  of  <Uver  was  aeKt^vWl.     Une  cir  l)c(ng  miuioil, 

I  ArMnkixvd,  nii<l  Tuscd  willi  (be  llux  ad<J  (lie  addition  of  iboat  twenty  n)illi;tr.  irun  and 

ninct;  iiiUli^r.  stiver,  to  a  c\hy  crucilk,  j  leldcd  ■  bntton  une  biUf  of  which  wa»  un  itllu/ 

I  of  silver  «nd  Iriid,  while  Ih**  uthrr  linircunftialod  uf  mctnlltc  arHüiidi-a,     Biting;  di'DirbMl  , 

pn  tlw  stcvl  niurtar,  and  propcrk  ftvcd  frum  sin;;,  tlie  nlloy  wvi^ilicd  93.5  inil%T.,  anil, 

[  thvrvforo.  tbc  ninetv  milUgr.  silver  had  inken  up  3-5  inilligr.  kad. 

I'he  BrM.'nidM  and  ih«  iilajr,  jimpi-rly  In-att-d  and  freed  from  «rrciiidc  of  (run  mid  the 
utvcM  uf  KrK'nic,  rioltlul  a  cumliinatiun  of  m  { Si,  Co)*  At  +  n  Cu*  As,  which  wi.-i);hcd 
61.5  ntilliur.    AlU-r  n-inoviiig  the  cobtli  the  builon  wvi^ltcd  49.5  njiUi;:r.,  >o  tlut  tiiir- 

AI  'S    kr    1*1 
(0011  inilligr.  Co*  A«  wore  rrmovcd,  giviajp  — -jjC^ —   ^  7-99  nuHi^r.  cuUU.     If  the 

fpeiM  had  bcm  (mv  frum  mp|>er  the  nickel  could  now  have  bwn  alw  dftrnninvd,  but  it 

WM  rwUIy  nccoMÄTv  to  fn»e  the  button  with  u  f:old  bntton  Wi-ighbi^*  8,5.0  iiiilliKr-,  when 

it  was  trratrd  as  directed  on  p,  i79,  and  yicldctl  a  Iintion  wfii-hinji:  M.9  niilligr.     Ttie 

«pei«,  tbvrL*(<»v,  contained  8.3  millitir.  citppvr.     To  dctennliie  the  nickfl.  thio  cup|)er 

wa*  rcckuudl  as  Cii*  As,  and  subtmctud  frutn  the  combtn.ttion  of  araenidi'«  of  nickel 

and  copper  ibiu  had  bwn  Ibiind  to  wd};h  -48.5  uLllij^T.    The  nu-tlivd  of  calrulaiin^  th^ 

Co*  As  i<  ait  follow»:  71,7   p«rt«  Co,  and  a*<.3  part*  Aa  fonn   100  Cu*  A«,  ihe  8.3 

I  100  X   S  3 

miltigr.  cup[MU-  in  the  j{oId  corrcRpoud,  ibcrefure,  to  — 7r"=~~  ~   "•^"  miUigr.  Ct 

I  A«,  wbicb  wad  takc-n  at  11.6  milliter,  and  sabtracted  from  48.5.  leaving  36.9  miUigr. 

I  Ni*  A«,  or  ^~  —  =  W*  ™"%r-  n«-!'«!. 

Tbe  flpein.  therefore,  coatAined 

HA  per  ocQU  nickel, 
7.9        "        cobalt, 
8^        "        coppor, 
3.5        "        le«d. 
"By  naking  tbo  wway  aceording  to  tb«  foregoing  dJroctlonf,  when  th«  neccnair 
pfUBtfew  has  been  tcqoiivl,  tbe  wbolv  L-xaaiinutioa  can  be  made  in  about  three  houn. 
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lutil  111  i  n*H]H  oiAniavA  will  agree  very  ciMcIf  with  tboM  anircd  at  hy  ihe  ml  wtf, 
pivviii.^  ilmc  tUo  cübiUt  and  aickd  bnvii  boco  «ccurmtcly  lepunted  ia  th«  wet  |iroc— 


O.  Aaaay  for  Cobalt  and  Nickel  la  MUeralB,  Ores,  and  Producta  c<xo- 
tainJng  Nickel  and  Cobalt  In  the  oxidixed  stat«,  comhinad  with 
tolpborio,  an«nlc,  or  illlclc  acids,  or  othar  matalUc  oxidai,  and 
occasionally  with  wat«r  at  the  lame  time. 

Tliis  I'Irtss  inoliiilcs,  uiiiong  miiieruU  and  urts»  Äic^rj/e,  crv/AnVft 
eorthy  ctjhalt  6loO>Hy  latendulojit  tnoreuoifiUf  ewerniU  nickel,  tinnaimr- 
gitCf  riiUifi/e,  ffntthi/ej  pimeHte,  earUiy  coitaU,  anti  coball  and  «tcXW 
ore»  rttnsfeii  on  u  lai-gt*  ecale  ;  among  iiroducta,  speUses  ruasttd  cm  u 
largt'  Bt^ili-,  »inali,  atlmliifcrüxu  uud  itia-olifepous  »lags  which  TmU 
rnmi  reliiiiiig  llui  sliigä  and  irum  other  smt^ltmg  ul>enitioQS  and  uou- 
tuiu  very  IJlUe  ur  no  copper. 

KrytLritt',  eubult  bloom,  und  unnaborgiti>  (nickel  ochn*)  ountAiu 
moil-  artsfiiic  tlttm  is  required  to  convort  nil  i he  cobalt  and  nickel 
into  (Co,  Ki) '  As  during  the  reducing  Itmiuu  to  unite  lUem  into  oiiv 
buliun,  fi-om  wliicb  tlic*  amount  uf  each  of  these  metals  muy  tlien  be 
detenniiitd ;  the  nrgcnide  of  cobtilt  fednct^^l  from  crjthriie  and  rolmlt 
blouni  is,  however,  bo  liurd  to  fuse  thitl  it  can  only  bt«  mtUeii  tou 
buiLou  in  the  cla)'  crucible  with  great  ditlh-ulty,  iinluiiS  arsenide  uf 
iron  is  H<U1(>d.  Directly  formed  ar^tiiileof  iron  mufit  therefore  be 
uddixl.  or  the  äubslauce  in  ([ueeition  must  be  mixed  wich  tiftoeo  to 
I  weiity  milligr.  imn  filings  and  arseniciEwl.  p.  4S4.  Colmit  ore,  roaütiil 
in  the  lar^c  way,  and  bieberite,  afrer  it  hiu  been  Well  roasted  in  a 
clay  cupBuIe  with  charcüul  puwJer,  mu6t  be  similarly  |)repai*ed  for 
the  fusion. 

The  other  miueralä  and  the  nickel  ores  and  epciases  roasted  on  » 
large  Ecule  can  be  urgenicized  at  once.  Smalt  and  slags,  which  some- 
tiiTit'S  cui.tiiin  oxide  of  lead  and  suboxide  of  copper,  must  be  mingled 
iu  theßuosl  jxiwdcr  xviih  ten  to  lifteen  milligr.  iron  and  then  «r^eni- 
oizctl.  One  ctr.of  the  perfectly  di'y  powdered  substance  having  been« 
if  neeeesary.  roaetcd  and  araeuicised,  while  in  case  the  c<ibA!t  pre- 
domiiiaUtt,or  the  subsrance  is  n  sing  ur  ore  \wov  in  cobalt  and  nickel, 
provision  haft  been  made  for  the  furmution  of  arsenide  uf  iron,  nut 
only  to  secure  u  fusible  combination  of  arsenides,  but,  in  ease  ofiKKir 
subslauLTti.  also  to  collect  the  metals  in  questiuu  to  u  single  button, 
it  is  charged  iu  u  clay  crucible  with — 

300  tiiiiligr.  (Inxiiig  aud  reducing  agent,  which  is  pressed  down 
somewhat  aud  coveied  with — 
3  heaped  epuonfuls  of  ealU 
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If  ihf  substance  contaiua  oxides  of  biamtith  or  lead,  tlie  latter  some- 
tiniea  occurriug  io  niauy  Blags,  a  bit  uf  iron  wire  atiU  a  weighed 
qtiiintity  of  silver  is  added  to  it,  before  putting  in  the  tlux,  p.  469,  to 
eSi-ct  tlie  Krparutiuu  uf  those  mi'taU  from  tlie  mctallio  arsiMiides. 

The  riisiuQ  IB  performed  iu  a  nianuer  quite  fiimilur  to  that  of  snb- 
itancea  of  the  first  and  second  class,  and  yield«  a  perfectly  round 
button,  wliich  cuusists  t-ithcr  tiitiix-ly  of  arBeuides  of  iron,  cobalt^and 
uickol,  in  very  varying  proportions,  and  ei^nietiBpea  a  little  ai-senide 
of  copper,  or  partly  of  these  metallic  arsenides  and  partly  of  an  alloy 
uf  silver  and  lead,  which  latter  is  separated  IVom  the  arsenides  and 
alag  a^  directed,  p.  460. 

The  arsouides  and  slag  removed  (Vom  the  alloy  are  then  fused  with 

»fifty  inilligr.  soda  and  liftccn  to  twenty  millip'.  bonix-glass  to  a  but- 
ton, which  is  further  treated  as  directed  under  ß>t  p.  487,  for  cobalt, 
nickel  (and  copper). 

Di  AxAsy  of  Hixturos  of  Metallic  Oxidei  ooiuUUng  oaipecially  of  oildM 
H  of  Cobalt  or  Nickel. 

^Lln  this  class  belong  the  arides  of  cobalt  and  nichel  pre])ared  in  the 
HH^c  way;  the  former  being  not  always  free  fVom  nickel,  while  the 
latter  is  bcIJoui  (juite  free  from  cobalt;  both  alau  contain  frequently 
trifling  admixtures  of  other  metallic  oxides  and  earthy  nialters. 
■      To  determine  cobalt  and  nickel  iu  theife  oxides^  which  generally 
Boccur  in  the  ignited  »tale  in  commerce,  one  totwo  ctrs.are  first  heated 
W  gradually  to  incipient  redness  in  a  closed  tobe  or  a  matrass  over  the 
spirit'Iamp,  to  drive  off  any  trifling  amount  of  mechanically  com- 
bined water,  the  moistuii}  \a  removed  from  tlie  tube  with  filter-paper, 
and  the  cold  oxide  then  [Mured  into  the  mortar  and  pulverizt^d,  unless 
already  fine  enough. 

Fifty  milligr.  of  this  prepared  oxide  are  then  arsunicized  and  5i8ed 
lo  form  a  button  of  metallic  ai'seuide«;  both  of  these  operations  may 
be  perft'rmed  variously,  according  as  the  arsenicizing  must  be  done 
within  the  laboratory,  or  may  be  done  outside.  It  is  belter  to  use  fifty 
than  one  hundred  milligr.  for  nn  assay,  because  if  cobalt  prevails  ita 
oxide  cannot  be  su  uasily  treatetl,  while  its  arsenide  is  less  fnsible  and 
also  mure  easily  oxidixabic  than  that  of  nickel. 

If  done  without  the  laboratory  the  fif\:y  milligr.  of  oxido  are  placed 
iu  the  clay  crucible  to  be  subsequently  \\z*A  for  (he  futiiou,  and  then 
one  hundred  milligr.  of  powdcix'd  melaliic  arsenic  arc  mixed  thor- 
oughly with  it  If  the  oxide  consists  chiefly  of  protoxide  of  nickel, 
nr  a  mixture  of  protoxide  of  nickel  and  oxides  of  cobalt,  iu  which  the 
former  prevails,  the  resulliug  arseuidvs  can  easily  be  melted  to  one 
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button  duriTif?  the  fusion  in  the  cmciblc;  if.  however,  oxide  of  co)>alt 
prevaila,  the  resulting  anseuides  nii*lt  with  ditHculty,  aod  about  Öflccn 
milligr.  of  imn  filings  mutjt  be  addtid,  so  lu  to  form  ur^euide  of  iruu, 
wliich  i^nxhicpa  a  fiiaible  cx>m!>itutliun  with  the  amenidc  of  cobult  in 
the  gubsequeut  fusion.  The  ur:»euici£ing  ia  performed  just  as  dp- 
ttcribtnl  on  p.  484,  and  if  u  ntrongur  hi'ut  tliau  nwtasitry  uaijcniploreU 
toward  thu  end.  the  metallic  aräi-nideäf  if  easily  fusibW,  may  Ix?  melted 
tu  a  bJttuii,  Aftor  cooling  iu  the  covered  crticible.  thu  arscuidc«  arj 
cbar^^^'d  wilb  üiree  hundred  niilligr.  flux  and  reducing  af;:Mit,  which 
is  pourti)  tijwm  liuMn,  and  ilu-n  rovf  hhI  with  three  heaped  spooniulB 
of  gait,  after  wliich  they  are  fused  according  to  p.  4Ö6. 

Another  method  of  ariwnictziug,  with  which  Ihe  fusion  of  the  me- 
tallic ursenidi's  fornK-tl  in  at  the  same  time  (■tiuibitied,  ounäist^f  uncord- 
ing to  Fritzsebe,  iu  treattug  fifty  milligr.  of  tbo  oxidij»,  mixed  witfa 
one  hundred  milH^.  arsennte  of  potussa  aud  thirty  milligr.  burai- 
gla.SK,  in  u  s(Mla-piiper  cylinik'r  in  a  <*oal  crucible  with  llie  IL  F.,  uulü 
the  urseoidcs  formed  by  the  libcmted  arsenic  have  unilc-d  to  a  button 
and  the  curl>onato  of  ]M)ta«sa  produced  has  sunk  with  the  lwn»i  iuio 
the  coal.  Tiiis  should  he  done  outside  of  the  laljonitory.  Smidl  ad- 
mixtures of  metallic  oxides,  "which  are  neither  converted  into  arsen- 
ides  uor  volutiliKcd,  rcnmiii  in  a  divided  state  on  the  crucible  wiilioiii 
exerting  any  injurious  effect  ou  the  union  of  the  metallic  arsenides. 

Wlu'U  the  an-euiciziiig  must  be  done  iu  tlie  labomtory  anothfr 
method  should  be  udojited,  so  that  the  fume«  of  itrt<euic  cunuot  cBca|}e. 
Fifty  milligr.  of  the  oxides  mixed  with  one  hundred  milligr.  powdered 
mctultio  arsenic  are  placed  in  a  glass  tube  closed  at  one  end,  ant) 
heat^f  as  described  for  oi*es.  etc.,  p.  485,  over  the  spiril-taipp.  until 
the  sublimate  of  arseiuc  ceuses  lo  increase;  or^  to  avout  all  mechanical 
loss,  the  mixture  is  inclüeed  in  a  soda-paper 
cylinder,  made  of  u  strip  of  tine  tiller-pa- 
per forty-five  millim.  long  and  twenty  mil- 
lim.  wiile,  as  >n  the  silver  U8äuy,  ami  placed 
in  a  tube,  eighty  to  nlufty  millim.  long  and 
about  ten  millim.  vide,  cloit4.-d  at  one  eud,  tu 
shown  in  Fig.  85,  a.  A  roll  of  ordinary 
filter-palter  is  then  iuserted  as  far  as  A,  lo 
absorb  the  moisture  evolved  fmm  the  char- 
red 6oda-pai)er,  and  the  assay  is  gnidually 
heated  in  the  e])irit  flame  to  redness,  while 
the  tube  is  occaiiiunully  turm-d.  »o  prevent 
the  charring  paper  from  adhering  to  the 
pijt.  85,  glass.    It  ia  kept  in  this  condition  untU  the 
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Bublinmte,  c,  ceases  to  increase.*  By  cai-efully  heating  it  at  fi!*at  the 
pftpor  ia  rlmrnxl  witlioat  opening  in  any  part,  or  adhering  to  tiicglusa, 
and  therefMre  prerentfl  all  mechanical  loss. 

If  the  mixture  has  Iveen  phict^  at  one<*  in  the  ml»,  the  lower  part 
of  tliu  tnbe  id  out  off  uftt-T  the  itriicnidcs  have  been  fornied.  and  these 
are  ponred  into  the  mixing  capsule  and  mixed  with — 

50  niilligr.  suda.  auil 
20       "        borax-glass. 

This  is  then  transferred  to  a  8oda-{>a]>er  cylinder  and  fused  in  a  coal 
crucible  in  the  It.  R  If,  however,  the  mixture  to  be  nrsonicized  hnd 
been  wmppcil  in  wda-ii»iHT,  the  glass  tube  is  Ciin.'fnlly  inverted  and 
the  asaav  shükcn  at  once  into  a  cavity  in  coal,  or  acuul  crucible,  wide 
enough  for  the  fusit>ti.  Sometimes  the  charred  pajxT  will  adhere  to 
tho  gluss,  if  it  bus  l>oen  soaked  with  too  much  soda  and  heutcd  too 
Btrongly.  and  it  is  then  necepnary  to  detach  it  with  a  wire  or  splinter 
of  wcwmL 

AO  milligr.  soLla«  and 

20      "       borax-glass 

[  Hre  then  put  on  the  charred  cylinder  and  the  whole  fused  in  the  It  F„ 

with  only  a  feeble  flame  ut  first,  directed  npon  tlie  flux  alone,  and 

afterward  directeil  as  much  as  jkossible  uguinst  the  bottom  of  the 

Lcavity,  between  the  assay  and  the  coal,  so  that  the  arsenides  may  be 

ftisi'd  from  ImjIow  npward.  while  the  envelope  is  consuming. 

While  the  arsenide»,  furnicd  in  either  way,  are  fusing  to  a  bntton, 

iu^>uic  still  volatilizes,  nntil  the  remaining  corap<)und  corresponds 

nearly  ftr  quite  to  the  composition  (Ni,  Co)*  As,  provided  there  is  no 

iron  present;  the  fluxes  either  sink  into  the  »«1  or  combine  to  a 

tTansparent  slag,  according  as  the  oxides  assayed  are  free  from  or 

[contain  other  nuUuUie  oxides    When  the  fusion  \s  jierformed  in  a  coal 

i  crucible  it  is  well  ti>  »dd  luilf  a  spoonful  uf  neutral  oxalate  of  ix)tas8a 

und  treat  the  aswiy  further  with  the  It  F..  before  removing  the  metal- 

tlio  button,  as  this  causes  all  the  slag  to  sink  into  tlie  coal,  leaving  the 

ibotton  quite  free.     With  the  aid  of  a  glass  it  may  easily  be  seen 

r  whether  any  little  buttons  are  scatlercd  alwut.  and  if  any  one  is  found, 

[  which  is  seldom  the  case,  it  is  detachwl  with  the  point  uf  (he  knife, 

I  rolled  up  to  the  main  button,  and  at  once  fVised  with  it  m  tlie  It  F. 

In  separating  the  arsenides  now  formed  the  first  question  is,  again, 
[whether  the  button  contains  arsenide  of  iron  or  not?    The  manner 


*  Tb«  siiblimnte  mllicrinK  firmly  lu  tbe  mhe  Is  bc«t  dclnn-bod,  after  taking  out  th* 
UM/,  by  tiiu[fly  piiMiin;;  ihrongh  ilie  lubi:  anotber  tube  open  nt  both  i-nd*. 
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in  which  this  is  ascertained  and  the  iron  separated  is  given  on  p.  481. 
The  nickel  and  cobalt  are  then  also  determined  by  the  process  already 
described,  but  in  calculating  their  amounts  it  must  be  borne  in  mind 
that  only  fifty  milligr.  were  taken  for  the  assay. 

100  parts  cobalt  yield  126.66  parts  of  protoxide,  and 
100    «     nickel     «    127.58    "       "         « 

so  that  the  amount  of  these  oxides  can  be  easily  calculated  after  deter- 
mining the  respective  metals ;  or  they  may  be  calculated  directly  from 
the  following  data: 

100  parts  Co*  As  =  61.5  cobalt  =  77.9  Co  0, 
100     «     Ni*  As  =  60.7  nickel  =  77.4  Ni  0. 

The  methods  heretofore  described  may  be  advantageously  used  in  the 
analysis  of  niccoliferous  and  cobaltiferous  substances.  The  other 
constituents  of  the  assay  having  been  separated  by  the  known 
methods  and  the  oxides  of  cobalt  and  nickel  precipitated  together, 
tliey  are  washed,  ignited,  and  weighed.  After  being  then  pulverized 
and  agiiin  ignited,  fifty  milligr.  of  them  are  ai-senicized,  which  should 
be  done  in  a  clay  crucible  if  possible,  because  then  there  can  scarcely 
be  any  mechanical  loss,  and  after  being  fused  to  a  button  they  are 
separated,  according  to  p.  476,  and  the  percentage  of  cobalt  and  nickel 
or  Iheir  oxides  tlius  ascL'rtained. 

ETam}}le. — Suppose  thiit  from  1  gramme  of  nickel  speiss  a  precipitflte  of  the  two 

oxiiU's  hud  been  obtained,  which  wuiirlictl,  nftcr  ignition,  0.475  grm.,  and  from  50 

milligr.  of  lliesc  oxitU-s  64  milligr.  of  {Ni,  Co)*  As  were  prodnced;  the  cobalt  being 

pcpanvlfd,  tlicre  remained  43.8  milligr.  Ni*  As,  then  the  0.475  grm.  of  metallic  oxides 

would  yielil — 

I.  50  :  43.8  ::  0.475  :  r  grm.  Ni«  A»; 

43.8  X  0.475        ^  ^„^    . 

X  —  — — :—  =  0.4161  grm.  >r  As,  or 

-T-r '—  =  0.2525  grm.  Ni,  and  the  speiss,  therefore,  contained 

25.25  per  cent,  nickel. 

2.  Since  64  —  43.8  t=  20.2  milligr.  Co  *  Ab  were  obtained,  the  amount  of  arsenide 

of  cobalt  would  be — 

50  :  20.2  ::  0.475  :  x  grm.  Co*  As; 

20.2  X  0.475       „,^  „  _  .   . 

=  0.1919  gno.  Co«  As,  or 


50 
0.1919  X  61.5 


=  0.118  grm.  Co,  and   the  spdss,  thereibn^ 


100 
^ned  11.8  per  cent.  Co,  and  37.05  per  cent  of  both  nutab  together. 
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Aiuy  of  Miuersls  and  Products  consisting  of  aHoys^  or  ars«nldM  and 

sulpbideg,  Id  which  there  is  mora  Copper  than  Nickel. 

Tliis  chisa  ineliidca  among  miueraJs:  hreWiauptite;  amoüg  mctal- 

llnr^cu]  products:  nkcvUfcrous  und  cobaUi/erous öhci: copper,  simWar 

copper  matin   uud  sUtguy  wliich  are  rich  iu  suboxide  of  copper;  among 

jßciul  producw:  German  silver,  or  packfong,  tufenaff,  and  similar 

"  alloy*. 

These  subsfanoHS'CaDont  be  qnantitatively  exumined  for  cobalt  and 
nickel  according  to  the  mcLhod  given  undi-r  A.  to  />.,  since  they  oon- 

ftain  too  much  antimony  and  copper. 
Iu  case  of  allovK  of  nickel  und  cobalt  with  untimony,  one  hnndred 
miUigr.  arc  dissolved  in  nitric  ucid,  the  solution  filcciod  from  the  res- 
idue of  oxide  of  untimony,  and  the  oxides  of  cobalt  and  nickel  pre- 
cipitated with  potassa.  collected  on  a  lilter,  washed,  dried,  ignited  in 
ihc  ]datinum  capätile,  and  the  ignited  oxide,  which  niuy  contain  other 
I  metallic  o.xides  with  a  little  antimonic  acid  and  oxide  of  antimony, 
jursi'nicizcd  aecttrding  to  one  of  the  methods  on  p.  4ftl,  ft  seq.    They 
fare  then  fused  and  treated  for  cobalt  and  nickel,  which  are  deter- 
[mined  accoixiing  to  p.  403. 

Fntduets  containing  more  copjwr  than  nickel  must  likewise  be 
[dissolved  iu  nitrie  acid,  or  if  necessary  in  mpia  regia.  When  the 
[amount  uf  nickel  and  cobalt  is  supi>osed  to  be  very  small,  more  than 
One  hundred  niilligr.  are  taken,  and  stajs^ii  must  be  very  Enely  pul- 
irerized.  From  the  aolntiuu,  copper,  lead,  antimony,  etc.,  are  pr^- 
IcipitatL'd  by  sulphuretted  hydrogen,  the  solution  fili^Tcd,  and  the 
|j>reoipitate  washed  with  sulphuretted  hydrugeu  water,  which  is  added 
to  the  solution,  and  the  whole  eTaporated  until  it  has  no  odor  of 
that  gas;  it  is  then  heated  to  boiling,  any  protoxide  of  iron  present 
converted  into  sesquioxide  by  adding  a  little  nitnc  acid,  and  the 

I  metallic  oxides  precipitated  with  potassa.  If  the  solution  of  the 
inet»llic  oxide  in  aqua  regia  contaiued  arsenic  acid,  this  is  partially 
preciiiitated  in  c-ombiuatiou  with  protoxide  of  nickel  and  cobalt,  but 
does  no  harm.  The  precipitated  oxides  are  collected  on  a  lilter, 
wushed  with  hut  water,dried,  ignited,  and  arseuicizcd,  and  the  result^ 
ing  arsenides  fui^ed  and  treatetl  for  cobalt  and  nickel. 
If  the  copper,  lead,  etc.,  arc  to  be  determined,  the  precipitated  sul- 
phides are  dried  and  gradually  heated  to  redness  tu  a  thin  porocbiin 
L-apsuIe,  so  as  to  expel  the  excess  of  sulphur,  sulphide  of  arsenic,  and 
most  of  the  antimony,  after  which  they  are  fused  with  bisulphate  of 
B^jwtassa   in  the  same  capsule.      ^Vhen  the  reselling  sulphates  an* 
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treaU'd  with  hot  vat«r  the  sniphate  uf  Icud  remiiinB  hL'htiulf  but  Uh 
sulpliate  of  copper  goes  into  solution,  and.  after  ßltnition.  can  be 
precipitated  as  oxide  with  potuasa.  If  pure,  the  sulphate  of  lead  and 
the  oxide  of  Copper  may  then  b**  dried,  i^ited,  and  woightd ;  or  they 
may  bo  detcrmint*<l  by  rodnetioii  assays;  for  cop|»er,  aceurding  to  p. 
44  If  and  for  lead*  according  to  p.  45<>,  ei  9eq. 


8.  THE   mON  ASSAY. 

The  irnn  stnelter  has  eiifRoient  means  for  ascertaining  thtj  aiDoant 
of  nif!ta1  contAin<>d  in  his  ore«  by  melting  them,  with  proper  fluxed, 
at  a  high  It-niperatore.  in  fire-oluy  crucibles  lined  with  charcoal,  as 
well  as  by  the  simpler  mndfs  of  treating  tiiera  in  the  wet  way;  for 
example,  by  the  method?  of  Fncha,  Marguerite,  aiid  others.  As  it 
might  be  desired  to  determine  the  in^n  in  an  ore  when  the  uoccasory 
apjvnnitni;  for  the  hitter  melltods  was  not  at  hand^  and  as  it  U.  more- 
over, possible  to  determine  the  predominating  earthy  consti' 
or  admixture  of  an  iron  ore,  approximately  and  accnmtely  ec  ^ 
for  pnuUice,  with  the  blowpipe  and  wet  way  combined,  thia  method 
nf  pnx'eeding  will  be  deseribetl  here. 

The  different  iron  ores  wliieb  in  general  are  smelted  on  a  Urgn 

»le  may  be  distingtiished  as  follows: 

1.  MagnrfftA,  proto-sesquioxide  of  iron,  bnt  often  mixed  with  dif- 
ferent i^ilicates,  as  well  as  sulphides. 

4.  SpHTular  iron  and  hematitf.  Both  consist  principally  ofweqni- 
oxide  of  iron,  but  arc  seldom  fVee  from  oxide  of  manganese  and 
admixtures  of  earthy  Rnbstanoes,  as  hornblende,  chlorite,  i^nartx. 
ferruginous  quartz,  hurnstone,  feldspar,  barytes,  etc 

3.  LimonUe,  jftUom  ochrt,  and  the  related  hog  iron  ore*.  The» 
consist  of  hydrated  oxide  of  iron,  with  more  or  less  oxide  of  man- 
ganese and  phosphoric  aHd.  and  often  with  the  same  admixture  of 
earthy  substances  as  hematite.    * 

4.  Ciny  inm  ortf  which  is  to  b«  regarded  principally  as  a  mixtare 
of  hydrated  oxide  of  iron  with  alumina  and  sand. 

5.  ^ilirious  iron  orr,  consis^ting  prineipally  of  silicate  uf  the  pro- 
toxide or  sesqnioxide  of  iron  in  diflereut  proportions,  but  seldom 
free  from  earthy  ^tllicales. 

fi.  Sitlr-riff  {itprtthic  iron),  consisting,  when  pure,  of  oarbunate  of 
iron,  but  often  mixe<l  or  combined  with  carltonates  of  maoguocM^ 
lime,  an<l  ntH^uiefiia,  and,  as  biart  band,  with  coat  and  clay  slater. 

?.  SphrrnKtflrrifr.  This  contains  the  iron  combiDed,  it  b  true, 
with  Gairbonic  acid,  like  sident«,  bat  it  is  distinguished   from  the 
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latter  l>y  foreign  admixtares,  such  iis  clay,  which  is  so  intimately 
^unitt*d  with  the  carbonate  of  iron  that  the  ore  poawsses  a  homo- 
H^eneous  appeanincc.     Phtwphatö  of  iron,   pho&phate  of  lime,  ami 

pyrites  are  aUo  jircsr-nt  aü  ndmixitires. 

■  It  will  be  seen  from  the  above  that  most  ores  contain,  beside«  iron, 
more  or  leas  of  other  constitnent^  or  admixtnres,  which  miidt  be  of 
interest  to  the  iron  nu'tallur^Wst,  when,  in  di'tvmiining  the  iron  in 
an  ore,  the  earthy  parl^,  as  silica,  alumina,  lime,  etc.,  which  have  ati 

I  important  influence  upon  the  slag  formation,  are  to  be  also  approxi- 
niBtely  determined, 
ise 
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A  BufBeient  qnantity  of  the  ore  to  be  examined  must  be  piilver- 
Ised,  a  larger  portion  being  taken  if  the  admixtnre  of  foreign  sub- 
stances in  the  ore  is  large,  so  that  a  projvor  average  may  be  ohlained. 
^^he  ore  U  first  brokf^n  np  with  the  hammer  and  then  in  a  mortar. 
HFof  this,  an  iron  mortar  can  be  used,  in  which  the  ore  is  pounded, 
^■hnt  not  rnbbed.  When  the  assay  powder  is  rather  fine,  it  mnst  be 
H«arefully  mixed,  and  small  quantities  taken  from  differeut  piu'ts  with 
Hthe  ivor7  spoon.  The  selected  portions  are  then  to  be  very  finely 
^powdered  in  an  ajrate  mortar,  and  dried  in  n  porcelain  dish  over  a 

(lamp  at  about  100''  C. 
MODE  OF  CONDtrCTlNO  THE   ASSAT. 
The  ores  described  above  are  of  such  a  nature  that  the  oxides  of 
iron  contained  in  them  may  be  either  entirely  dissolved  ont  by  acids, 
provided  they  uru  healed,  or  else  a  residue  is  left,  which  euntaius 
more  or  less  iron.    In  Ihe  finst  cji^e,  if  a  quantitative  determination 
»f  the  earthy  parts  is  not  necpssary,  no  fusion  is  required;  in  the 
^.latter  case,  however,  the  residue  must  bd  first  decomposed   by  a 
f  fusion  with  the  proper  fluxes  on  charcoal  before  the  blowpipe.    The 
fusion  is  made  an  fullows: 

I  One  ctr.  of  the  prepared  assay  powder  is  weighed  ont,  and  put 
Into  a  test-glass  of  suflloient  capacity,  and  enough  hydrochloric  acid 
for  its  solution  gradually  poured  over  it.  If  the  ore  consists  princi- 
jially  of  carhouutea.  the  acrid  must  be  added  in  very  small  portions, 
in  order  to  prevent  a  \iolent  efTervescence.  If  upon  the  addition 
of  a  little  acid  it  ap|)ears  to  be  free  from  the  former,  the  necessary 
amount  of  acid  may  be  immediately  added.  If  the  ore  does  not 
dissolve  at  tj^e  ordinary  temperature  it  must  be  digested  with  the 
H*oid  over  the  spirit. lamp,  either  until  all  is  in  solution,  which,  how- 
^Kftrei^  only  occurs  with  perfectly  pure  ores,  in  which   the  oxides  of 
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iron  av&  not  combined  with  ßilica.  or  else  until  nothing  more  dij 
solves.     A  few  drops  of  nitric  acid  are  then  addt'd  to  the  boilin 
hot   golntion,  and  hent  again  applied.      The  lolntion   it  at  fint 
colored  dark,  if  it  contuins  prutochloride  of  iron,  and  then  etii' '    '- 
hecomes  pale  yellow,  as  the  protooliloride  ip  changed  to  Üie 
chloride. 

It  is  then  dilated  with  distilled  wat*T,  and  the  rcsidnc,  if  theff  is 
any,  bronght  ui>on  a  tilter.  and  washed  well  irith  hot  water.    Wbfn 
th<'  n-sidue  is  perfectly  white  it  need  not  l>e  treated  any  fnrtlipr.if 
the  u"on  alone  is  to  be  determined,  beainse  it  is  then  nsaolly  cilhef 
qnartK  or  earthy  silicates,  seldom  mixed  with  barytcs,  and  entin-lT 
or  n»'arly  free  from  iron.    The  iron  may  then  l)e  immediately  v    i 
itated  as  described  below.     If,  however»  the  residue  ia  iiut  p^n 
■white,  but  has  a  yellowish,  red.  or  gray  color,  the  6lter  most  be  ^>nr.^>\ 
out-,  and  dried  in  a  [M>rcelaiu  dish  over  the  luni|^    As  soon  ua  it  ii  ilry, 
it  can  iw  niixf^d  on  the  filter  with  three  parts,  by  volnme,  of  sothu  a«*l 
tme  part  boniX'glass,  wrap|ted  tip  in  the  tilter-paper, and  laid  cilberia 
a  cylindrical  hollow  bored  in  the  cross  section  of  a  good  piece  of 
^ihartNwil.  r>r  in  a  charcoal  crucible,  and  the  whole  mass  melted  with 
the  0.  F.  to  a  clear,  trauspareut  bend.     This,  when  cold,  mnsl  1* 
taken  from  the  charcoal,  pulverized  in  the  steel  mortar,  and  the  poT* 
dor  treated  at  once  in  a  porcelain  disb  over  the  lamp  with  dilute  aqua 
reg'in,  and  cvaiionited  to  dryness,  or  it  may  tirst  be  digcstwl  with  di- 
lute hydn)chhjric  n.?.id,  nitric  acid  being  added  U*  the  solution  afl^'^ 
viftrd.    If  the  ore  contained  barytea  or  other  sulphates  which  were 
not  diRSülved  by  the  acids,  a  little  fiulphtdc  of  sodium  is  sometimce 
formed  during  the  fusion  on  charcoal,  from  the  deoomj^ositjou  uf  the 
sulphate».    It  is  better  in  this  ease  to  use  at  first  only  dilate  hy<ln>- 
cliloric  acid,  so  that  the  sulphur  of  (he  sidphidc  of  sodium  may  Ir 
driven  off  as  gas  combined  with  hydrogen,  and  to  add  afterward  llie 
nitric  acid  necessary  for  the  oxidation.    The  dry  mass  is  then  moiitv 
eued  with  a  few  drops  of  hydrochloric  acid,  the  solulde  sail«  dis^oUi-d 
out  with  hot  water,  and  the  silica,  which  remains  unaltered,  is  collectiil 
on  a  (liter  and  well  washed.     The  filtrate  and  the  wash  water  are 
then  added  to  tlie  first  solution,  from  the  direct  In-atment  of  the  ore 
with  acid,  and,  after  it  has  been  ascertained  by  the  addition  of  a  fcv 
drojis  of  sulphuric  acid  that  no  harytes  is  present,  the  st'sqiiioxide 
iron  and  alumina  are  precipitated  with  aiuuiuui&.    If,  however,  har 
was  present  in  the  Bolntionf  the  resulting  sulphate  of  baryta  m^ 
be  allowed  to  settle  from  the  warm  solution,  and  separated  by  flit 
ing.  • 

The  preci])itate  of  aesquioxide  of  iron  and  alumina  it  filtered 
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wen  washed,  and  the  filter  laid  upon  seveml  thicknesses  of  fiUcr-papor 
and  nnfuIdoL  As  soon  as  the  greater  part  of  the  water  lias  been 
absorbed  b^v  the  pa|)er,  the  precipitate  must  be  carefully  taken  from 
the  fllti^rwith  a  knife,  and  put  into  a  porcelain  diah.  The  filter 
which  still  hoMs  traces  of  the  precipit-nte.  is  moistened  in  a  porcelain 
dish  with  some  hydruchlurie  acid,  washed  several  times  with  a  little 
'.  and  this  snlntion  added  to  the  main  precipitate.  This  being 
e,  a  ooucenlratcd  solution  of  caustic  potassa  is  mlded  and  the 
alumina  dissolved  oat  over  a  spirit-lamp.  Dnring  this  operation  the 
se8i)ui(>xide  of  iron  decreases  considerably  in  bulk.  After  tlie  whole 
mass  bus  been  boiled  feebly  for  a  short  time,  it  is  diluted  with  water, 
and  the  sc»^nioxidn  of  iron  collected  on  a  filter,  well  wiishod,  and 
laid  upon  porous  paper,  so  that  the  greater  part  of  the  water  muy  Imj 
al>8orbed.  As  soon  as  the  filter  is  tolerably  dry^  it  is  nnfoMod  and 
drie<l  thoroughly,  with  the  sesqnioxide  of  iron  still  upon  it>  iu  u  por- 
celain dish  uver  a  lamp. 

Wlien  ttte  filter  is  dri',  the  sesquioxide  of  iron  is  pnt  for  the  preifent 
in  a  little  porcelain  cup,  and  the  filter  is  burned  thoroughly  in  a 
platinum  capsule,  to  which  the  sesquioxide  of  iron  iu  then  aildcd, 
and  the  whole  gi-wlually  heated  to  redness. 

The  sesqnioxide  of  iron  most  be  separ.ited  ftvjm  the  filter,  bccaiise 
the  carbonic  oxide  gas  j)n'diiced  by  tlie  gnidaul  burning  of  the  lalter, 
when  tiie  filter  is  being  reducetl  tu  ashes,  is  apt  tu  act  upon  ses(|ui- 
oxide  of  iron  whi-n  hpated  to  redness,  and  if  the  precipitate-  had  not 
been  removed  before  burning,  a  part  of  it  would  be  reduced  by  the 
carbonic  oxide  to  protoxide  of  iron,  thereby  giving  too  low  a  percent- 
age of  iron.  The  dry  sesqnioxide  of  iron  mnst  also  be  carefully 
heated  to  redneps;  for  if  heated  too  strongly  at  first,  the  compact 
oxide  would  decrepitate  violently,  owing  to  a  small  amount  of  water 
still  preeeut,  and  a  mechauiea.1  loss  would  ensue.  It  is,  therefore, 
better  to  cover  the  platinnm  capenle  at  the  beginning  of  the  opera- 
tion with  a  piece  of  foil. 

The  ignition  being  finished,  the  precipitate  is  weighed,  the  weight 
ot  the  filter  ash  deducted,  and  the  amount  of  iron  calculated  from 
the  weight  of  the  sesqnioxide.  One  hundred  part«  of  the  «eequi- 
oxlde  of  iron  correspond  almost,  exactly  to  seventy  parts  of  mctjillio 
iron,  BO  that  it  may  be  conveniently  calculated  as  seventy  parts. 

If  the  percentage  of  raw  iron  which  the  dry  assay  in  a  charcoal 
cmcible  would  give  is  required,  it  may  be  easily  calculated  by  as- 
suming the  raw  iron  from  the  crucible  to  contain  on  an  average 
in  one  hundred  parts,  ninety-six  parts  of  iron  and  four  partd  of 
oarbon. 
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Assuming  that  50.8  milligr.  sesqaioxide  of  iron  vere  obtained  frotn 
an  iron  ore,  this  would  give — 

50.8  X  70       ._,^     .„. 

— -     —  =  36^6  milligr.,  or  p.  a  ironi  or. 


100  X  35.5G 
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=  37  per  oent  raw  iron. 


SISCDLTANEOrS   QDANTITATrVE   DETEBMISATION^    OF  THB    PBEDOMI- 
NATING    EABTHY   CONSTITUENTS. 

If  it  is  required  at  the  same  time  to  determine  approximately  the 
other  eonstiiucnU  of  an  iron  ore,  which  muy  bo  preacnl  in  consider- 
able quantity,  f.  g^  silica,  alumina,  and  timer  ^^^  possibly  magnesia 
and  manganese,  the  process  is  as  follows : 

0.  To  ascortiiin  the  percvntage  of  ailiea,  the  rf^idnc  from  the 
digestion  of  the  ore  with  acids  must  be  fused  on  charcoal  with  soda 
and  btirax-glftss,  the  melted  (»ad  pulverized  in  the  st*ol  mortar,  and 
then  treated  with  dilute  aqua  regia;  but  if  it  contains  barytcs,  it 
niuBt  be  treated  with  dilute  hydrochloric  acid  and  afterward,  if  pnv 
ttK'bloride  of  iron  is  present^  with  nitric  acid.  It  is  then  evaiK)rated 
tx)  dryness,  the  dry  mass  moistened  with  hydrochloric  acid  nnd  dis- 
sulriil  in  hot  water,  "^e  residue  of  silica  is  collected  on  a  Ülter, 
thoroughly  washed^  and  dried  with  the  filter  in  a  porcelain  dish. 
The  niter  is  then  carefully  folded,  so  that  the  silica  remains  in  the 
oentre,  and  iuciuerated  in  a  plutiuum  capsule,  covered  at  first,  orer 
a  spirit-lamp,  until  the  silica  appears  perfectly  white.  After  weigh- 
ing the  silica  and  ash  tlie  weight  of  the  latter  is  dednctcd  and  the 
percentitge  of  silica  calculated.  The  silica  must  be  as  diy  aa  possi- 
hle  before  ignition,  as  the  presence  of  a  little  water  is  apt  to  oocanon 
a  meehuuical  loss  of  small  particles  of  flnely-dinded  silica,  which 
are  carried  off  by  the  sudden  development  of  steam.* 

b.  To  determine  the  alumina,  carbunat«  uf  ammonia  is  added  to 
the  flllratt.'  from  the  silica,  if  it  is  froe  from  baryta  or  iron,  and  also 
to  the  solution  resulting  from  the  treatment  of  tbe  sesqnioxide  of 
iron  with  potas£^  after  the  same  has  been  slightly  acidulated  with 
hydrochloric  acid.  The  pn>cipitated  alnmina  is  then  collected  on  a 
liitcr,  washed,  dned,  ignited,  und  weighed.  The  weight  of  the  alu- 
mina is  found  by  subtracting  the  ash  of  tbe  filter. 


•  SmM  mHca  may  h«*«  bera  diuotrvd  daring  the  6nt  tRatmentof  ibe  ore  with 
Kill« ;  logvi  alt  the  «ilica,  U  b  ih«a  neoMsuy  K>  oomlÜTte  tbe  fint  aolatkra  iriih  ttte  sola- 
lIoD  of  thf  fuspd  nuM,  nnd  oraporue  tbe  whole  to  dijnf ,  aftv  wLtch  Ibe  praceai  Ii 
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t'-.  The  lime  is  precipitat^d  by  oxalic  acid  from  the  ammoniacal 
Itrate  from  tho  sesquioxide  of  alumina  and  iron,  and  the  precipi- 
trd  oxalate  of  lime,  after  being  filtered,  washed,  and  dried,  is  con- 
■rted  into  carboDate  of  lime  by  heating  to  low  redness.  The 
noun t  of  lime  ia  calculated  from  the  weight  of  the  former»  after 
edacting  the  filter  ash.  One  hundred  imrts  of  carbonate  of  lime 
•ntaiu  5Ö.1  of  lime. 

(i.  Finally,  the  magnesia  and  protoxide  of  wangatiete  are  precipi- 
ted  together,  in  the  liltrate  from  the  oxalate  of  lime,  by  a  solution 
f  salt  of  phopphorus.  The  precipitate  is  Sf-Idom  large  enough  to  be 
ett-nniued  ac^urat^-ly,  but,  after  filtering,  it  can  be  tested  B.  D,  fr>r 
angant'se  aenurding  to  p.  200,  et.  wy.  If  the  ore  i^  rich  in  munga- 
leae.  it  is  better  lo  precipitate  the  latter  with  sulphide  of  ammonium 
»m  the  ammoniacal  solution,  and  then  the  lime  and  magnesia  with 
e  proper  reogenrs.  as  has  been  described  under  lime,  p.  ISri.  In 
lis  case  traces  uf  ulumina,  which  n-muin  in  the  solution,  will  also 
precifiiUt^d. 

if  the  ore  oontuine*!  barytes,  a  few  drops  of  sulphuric  acid  added 
the  lillraie  from  the  silica  will  prove  the  presence  of  baryta  ;  for 
be  fusion  of  the  eartliy  residue  with  soda  and  borax-glass  decom- 
wses  the  barytes,  and  the  baryta  is  brought  into  solution  when 
ydrochloric  acid  is  lulded  to  the  melted  assay,  to  drive  otF  the  sul- 
hnr  from  the  sulphide  of  sodium. 

Small  quantities  of  sulphur  and  arsenic  and  of  sulphuric,  phus- 
ihoric,  and  ursenic  acids,  can  be  easily  found  aa  described  in  different 
laces  in  the  second  part,  under  qualitative  examinations,  but  they 
tannot  be  determined  quantitatively.  Such  determinatiuns  can  only 
made  with  larger  quantities  by  regular  analysis,  and  for  this  par- 
lose  Works  on  analytical  chemistry  must  be  consulted. 

9.    THE    CHROMIITM    ASSAY. 

The  quantitative  determination  of  chromium  with  the  blowpipe, 
described  by  Uilgard,  is,  in  general  terms,  aa  follows:  the  sub- 
ta.ace  to  be  assayed  is  dccumposed  hy  fusion  with  nitre,  the  melted 
DM88  dissolved  in  water,  the  solution  evaporated  to  dryness,  and  the 
thromute  of  potassa  converted,  by  lusiun  with  bisulphate  ofputassa, 
nto  a  constant  compound  of  sutpbat«  of  potae^a  with  sesquioxido 

»f  chromium,  K  Ö  +  4^r,  from  which  the  percentage  of  chromium 
the  substance  can  be  easily  calculated. 
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A.  Fusion  with  Nitre. 

n.   When  the  substance  doee  ttoi  contain  either  Iwu/,  bitmutkt  or 

eadmiuiru. 

In  this  class  belong  the  minerals,  chromiie,  c/trome  ochrgf  nnd  the 
Biiuilar  äilitareä  contuiuiu^  cbromium,  vide  uUmiiiia,  alüo  llie  arti- 
ficial product  chrrmie  green,  which,  however,  is  ol'tvn  mixed  witlt 
various  subsUucca.  Cbromiie  must  be  elutriated,  for  otherwüe  ft 
perfecc  decompopilion  will  not  taVe  place.  This  prejöration  is  not 
nooesHarv  Tur  chromo  uchre  and  chrome  green,  n«  they  are  both  easily 
decomposed  by  nitre. 

'Hie  weijEhod  quantity,  of  chromite  one  hundred  milligr.,  but  of 
chrumu  j^reen,  only  tifty  to  seventj-tive,  millig^r^  is  put  into  a  small 
platinum  crucible  of  the  same  Bize  a«  the  clay  crncible  iiüod  in  quan- 
titative assays,  and  three  Iieaped  epoonfulis  of  nitre  are  added  ;  with 
chn>mc^7een,  however,  the  latter  must  be  added  g^radually,  on  uocounc 
uf  the  violent ojtidatioD  which  takes  placf.  The  crucibli*,  covervd  with 
a  small  platiunm  dish  of  the  size  and  shajjeof  the  roiuting  capsule,  is 
placed  in  a  triangle  of  platinum  wire,  which  is  faäteued  to  the  ignition 
ring  ^,  Fig.  7,  p.  8.  Thefnsion  ismadeovertheflameof an  ordinary 
spiril-lump,  provided  with  a  slieet-iron  chimney.  Tbii«  gives  in  roost 
cases  saffictent  heat,  provided  the  bottom  of  the  crucible  is  placed  in 
the  a|H^x  of  the  flame,  where  the  temperature  is  highest.  Thn  fusion 
must,  however,  be  carefully  conducted,  so  that  any  violent  bubbling 
of  the  mass  or  spurting  may  be  prevented.  The  creeping  up  of  ihe 
nitre  on  the  sides  of  the  crncible  to  the  triangle,  and  the  gwclling 
of  the  mi.>lLed  mass,  cannot  always  be  avoided,  tk)  thai  üarf>>  muät  he 
tuken  to  bring  everything  into  the  solution.  With  chromite,  the 
evolution  of  gas  lasts  from  twenty-Qve  tti  ftlirty  minutes,  luid  then 
the  mass  becomes  quiet,  tlie  ore  being  entirely  decomposed.  It  is 
advisable,  however,  always  to  test  the  residue  for  obromiuin. 

h.    When  leadj  binmuih,  tin,  or  cadmium  are  present  in  the  suhslanrt. 

Under  this  head  belong  the  minerals  crocoite,  plt^nicociiroUe,  and 
vauquelinite  :  among  artificial  products:  the  chrome  colors,  chrome- 
yellow,  chrome-red,  and  chrome-green,  when  the  latter  is  mixed  with 
carbonate  of  lead. 

Of  the  above-mentioned  sabstimoes,  one  ctr.  is  intimately  mixed  in 
an  agate  niortur  with  three  tu  four  spouiifuls  of  Hue  silica  and  two 
apoouf  uls  of  nitre.    The  fusion  is  made  as  in  a,  except  that  one  spoon- 
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o-nly  of  the  mixture  is  put  into  the  cnicibtc  at  u  time,  the  pestle 
u«d  murtiir  being  cletiued  by  ruhbiug  them  with  two  or  three  half- 

^Bpoonfiils  (if  nitre.  The  fluid  ma-^smust  be  |)erfect1y  clear  at  the  end 
of  tbf  fii-^'inn,  smull  flakes  of  silica  being  visible  upon  the  »idea  and 
bottrom  of  the  crucibk-.     Un decomposed  portions  of  the  chromium 

fconiponnd  iippear  dark-red  and  become  orange-yellow  upon  cooling. 

rShould  this  be  the  cuae,  it  is  j>art]y  owing  to  an  intp<.>rfect  mixture 

I  of  the  mass,  and  partly  to  au  insufficient  quantity  of  KiHca;  8uch_ 

[an  nüHay  sliould  be  repeated. 

The  decompofiition  of  substances  of  this  class  requires  from  five 

|to  ten  minutes.     If,  at  the  end  of  the  fusion,  the  mass  appears  dry, 

IR  spoonful  of  nitre  may  bo  added. 


B.   Furthsr  trMtmftnt  of  the  fiufld  nuut. 

The  Txisvd  mass  is  next  dissolved  in  water,  in  vhich  operation  it 

mtiBt  bo  noticed   whether   manganese  or  silica  are   present.    Tlw 

former  is  sepiirated  from  the  solution  by  a  fflw  drops  of  alcohol, 

while    the    hitter  is   pivt-ipitiited   more  quickly  hy   boiling.      The 

crucible  and  its  appurtenances  are  put  into  a  dish,  which  is  used 

afterward  for  the  evaiM>i-ation,  and  boiled  with  water  for  uot  longer 

than  lialf  au  hour,  witen  tlic  solution   is  poured  into  a  bejiker  glass, 

the  cruciblu  being  put  with  it     If,  however,  antimony  is  present  in 

Hthe  subiilance,  which  is  seldom  the  case,  and  if  the  solution  must  not 

^be  healed,  the  crucible  is  allowed  to  become  perfectly  cool,  und  is  then 

put  into  a  small  beaker  glass  coutuiuiug  about  a  quarlnr  of  an  inch 

^of  watrr,  and  allowed  to  remain  until  all  is  dissolved.    The  solution 

Bü  then  poured  into  a  test  tube,  a  spoonful  of  nitrate  of  ammonia 

addi'd,  and  tiie  whole  shaken  well,  tlie  mouth  of  the  tube  being  closed 

'With  the  timmb.    The  contents  are  afterward   put  back  into  the 

Hbeakcr  glass,  the  lube  and  thumb  being  carefully  rinsed  off  into  it. 

The  Eiolntion,  obtained  in  either  of  the  above-mentioned  ways,  is 

then  filtend,  and  tlie  evaporation  commenet'd  as  soon  as  Üie  greater 

[part  has  passed  through  the  Qlter.    This  is  performed  in  the  same 

that  is  used  afterwai-d  for  the  fusion  with  the  bisulphnte  of 

it  is  made  of  platinum,  and  is  of  the  same  shape  as  the 

larger  porcelain  dish,  p.  43,    Fig.  6*^.     iMiring  the  evaiKu-ation  the 

I  dish  i?  covered  M'ith  a  clogely-fitting  glass  Iwll.  which  can  be  made  by 
cracking  off  the  upper  half  of  a  white  vial.  The  dish  is  placed  on 
the  «uppiirt  over  a  spirit-lamp,  the  neck  of  the  glass  Ml  being  secured 
in  a  clamp  which  is  fastened  to  the  blowpipe  lamp.  By  this  arrange- 
mr^nt  the  fluid  can  be  well  boikd  witbont  any  danger  of  losa.    During 
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the  craporatfon  the  Gitering  and  washing  mav  be  completed,  and  tli^ 
filtrate  carefuUj  poured  from  time  to  time  into  the  dish,  witlionl 
eoiling  the  neck  of  the  glass  cover,  the  lamp  being  always  previuusl; 
withdrawn. 

As  the  salt  is  apt  to  effloresce  during  the  evapomtion,  it  is  odnaaliN 
to  cummence  the  next  operation  and  to  prevent  any  swelling  of  I 
mass  by  adding  suljihuric  acid  and  bisulphate  oT  potossu.    Cone 
trutc'd  Biilphnnc  acid  is  di'op[>od  in,  until  the  yellow  suhition  clun 
-to  ornige  color,  when  four  or  live  drojis  more  may  l)e  addwl.    Tlijj 
amoimt  of  bisiilphate  of  putassa  varies  with  the  amount  of  nitre  «i<d^ 
three  to  six  or  seven  heaped  spoonfuls  being  the  avemge  quantity 
although  un  excess  dofs  no  harm. 

The  hunt  piirt  uf  t.h(>  wjish  water  is  not  added  until  copious  vtp 
ttf  hinoxide  of  nitrogen,  and  sulphuric  ueid  begin  to  escape,  when  I 
gla,>a  bell  and  any  portions  uf  the  niii*s  that  may  have  swelled  np  i 
the  cd^'c  of  the  dish  are  rinsed  ofl"  with  the  vash  water,  and  the  i 
finally  cleaned  with  a  few  drops  of  dietillefd  water.  The  dish,  bo« 
ever,  must  nut  be  more  than  one-third  full.  The  evaporation  is  no 
carefully  completed,  keeping  the  dish  covered  by  a  piece  of  platinn 
of  the  sliai»e  of  a  watch-glass.  Toward  the  end  of  the  opi-ration  the 
moss  begins  to  expand  slightly,  the  last  portions  of  water  go  off.  and 
soon  sulphuric  acid  is  set  fi*ec.  The  salt  then  forms  a  thick,  green, 
syrupy  lluid,  which  turns  iwuch-blossom  color  when  further  heated, 
and  ^noldä  a  double  salt  of  chromium  and  poiasea. 

After  the  dense  fumes  cease  the  lamp  is  removed,  the  cover  f|Uiekly 
taken  off,  laid  in  a  p(;rcelain  dish,  and  the  platinum  dish  ?ei£<:^l  by 
thecdgü  und  tip^icd  und  turuvd  around,  while  (he  mass  is  «till  fluid« 
BO  that  the  latter  may  be  spread  out  as  much  as  |>i>Säibk'.  When  tlie 
salt  is  dry,  the  dish  is  put  back  upon  the  support,  six  to  eight  drop« 
of  concentrated  Kulpliiiric  acid  are  addal,  and  the  whole  coventl  op 
and  heated  again.  If  peach-blossom  colored  ]>articles  lue  still  visible 
in  the  grei'n  muss  when  cool,  too  little  hisulphate  of  potassa  has  been 
used;  mure  must  now  be  added  and  the  whole  again  heated  with  a 
few  drops  of  sulphuric  acid.  In  any  case,  the  residue  mnst  be  W 
soft  that  it  CUD  be  ipiiekly  removed  from  the  di^h  with  u  spatnla  or 
gla.ss  nxL  Most  frequently  there  result«  a  tough,  greeu  sjTnfs  very 
sulublc;  sometimes,  however,  a  sofl,  but  dense  crystalline  mass.  If 
the  latter  has  become  too  hard  it  requires  too  much  time  for  it«  i 
tion  in  water  wiihont  heat ;  if,  on  the  contrary,  it  is  too  sofi,  or  | 
haps  still  fluid,  it  would  be  heated  too  much  by  the  contact 
uater,  und  there  would  l>e  danger  of  an  alteration  in  the  coropoaib 
of  the  salt.    The  tirst  difficulty  may  be  remedied  by  the  addition  ot 
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1 1  fenr  drops  of  sulphuric  acid  and  headng ;  the  latter  by  driving  off 
I  the  excess  of  acid. 

The  refiulling  salt,  when  of  proper  consistency,  is  stirred  np  and 

I  well  diifiulograted  with  a  plattuam  spatulu,  imd  i-nough  water  added 

I  at  nnee  to  pixn-rnt  any  simntaneons  lieating.    As  soon  as  everytJung  is 

j  diäsulred,  aided  by  stirring  and  pressing,  the  solulioii  and  residue  are 

])Oured  back  into  the  beaker  glass  first  used^  tlie  cover  rinsed  off,  and 

1  any  adhmng  particles  washed  off  witb  a  little  of  the  solutiün  from 

the  dish,  which  is  finally  cleaned  with  the  forefinger  and  a  few  drops 

_^  of  water.    If  the  ini^idc  of  the  platinum  disb  is  not  perfectly  smooth 

B  email  portions  of  the  chromium  salt  are  apt  to  adhere  closely,  and 

they  niiLst  be  removed  by  a  fusion  with  nitre. 

About  one-tliird  of  a  spoonful  of  powdered  pn>tochloride  of  mer- 

[carr  is  then  added  to  the  cloudy  solntion  and  quickly  dissolved  by 

I  stirring,  and  a  little  very  dilute  sulphide  uf  ammuuium  is  then  slowlv 

;  dnipj>ed  in.    Upon  Ilie  addilion  of  each  drop  the  solution   must  Vie 

I  stirred  and  carefully  watched  to  see  if  the  flakes  of  ciilorosulphide  of 

1  mercury  float  iu  a  perfectly  clear  fluid.    These  flakes  are  intended  to 

collect  and  inclose   the  pulverulent  ehroniiiim  salt.     The  solution 

[generally  becom^a  clear  when  the  flakes  assume  an  olive  color,  and 

1  there  is  only  a  sliglit  excess  of  the  chloride  of  mercury.    The  residue 

must  be  thoroughly  stirivd  up,  for  if  any  of  the  chromium  salt 

n;mains  upon  the  bottom  of  the  glass  it  will  make  tlic  aolutiuu  cloudy 

ugain. 

The  flnkes  of  chlorctsnlphide  of  mercury  generally  settle  quickly, 

'  and^he  filtrntion  can  immediately  begin.     Swedish  filter-paper,  cut 

one  aud  une-half  inches  iu  diameter,  or  filter-paper  previously  treated 

^with  acid,  is  recommended.   When  the  main  part  of  the  solution  has 

pa*>8ed  ilirt'Ugh,  the  precipitate  is   brought  immediately  upon    the 

lilttT.  and  a  little  chloride  of  mercury  and  water  added  to  it.    This 

I  must  also  be  done  before  each  fresh  addition  of  the  wash  water.  The 
MTishing  is  flntshi'd  in  about  thirty  to  forty-five  minutes,  the  wiu^h 
water  being  tested  with  chloride  of  barium,  or  npon  platinum  foil. 
Moreover,  the  prrcipitate  should  be  spread  out  as  much  as  possible, 
and  nol  colIecLcd  iu  the  lower  part  of  the  filter. 

The  filter  is  tht-n  carefully  nmoved  from  the  funnel, dried  between 
blotting-paper,  and  finally  cautiously  pressed  between  the  folds  of  the 
tatter  into  the  form  of  a  cnbe. 

This  is  incinenitcd  over  a  spirit-lamp  in  a  platinum  capsule,  most 

'of  the  mercury  salt  being  driven  ofl*  at  the  same  time-     A  eqniire 

coal  is  then  ]>ripiired  as  in  rousting  copper  ores,  the  dish  placed  upon 

[the  wire,  and  the  whole  tn-ated  with  the  blowpipe  until  complefj^ly 
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Incint'raU'd.  It  is  tidvi^ble  during  tliis  ot>oratioQ  to  turn  the 
over.  The  dish  is  now  tiiki'u  out  of  the  ciml,  the  screen  of  the  i 
holder  cloBed,  und  the  ignitod  mass  put  into  the  plalinnm  cructbl^ 
which  hiis  been  previously  «cightd  M'ith  its  litt!o  platinum  trij 
Thi'  crncihle,  jihiced  in  the*  coal,  is  cdvered  with  the  cujisnle  and  a 
charcoal  twvcr  is  placed  over  the  whole.  It  is  now  houttd  to  Uic 
utmost  for  five  or  six  minutes.  A  very  thin  crucible  may  be  ti5ed  for 
thia  Operation  iu  order  tu  prevent  any  overloading  uf  the  baluuce,  but 
u  iliieker  one  is  needed  for  the  fusion. 

Afli-T  the  heating  the  prccipitale  appeal"«  of  a  fine  g^oeu  colo 
throughuul,  with  the  vxcepliou  sometiuiea  of  u  few  half-fuitt^l  par 
dee.     If  lint  heated  i-ufticiently  it  is  better  to  repeat  the  operatiofl 
liaving  added  a  small  piece  uf  carbonate  of  ammonia.     The  crncit 
is  finally  taken  out,  placed  upon  the  triangle,  and  a  few  drops  of  con- 
centntted  sulphide  of  animonioni  ponrcd  upon  the  porous  ma&s. 
whole  i&  llun  carefully  dried  over  the  spirit-hunp  and  Mnally  he 
to  redness,  to  drive  oif  all  the  sulphnr. 

Any  Chromate,  which  mi^jht   have  been  formed  dnring  Ihe 
beuliiig.  wilt  hv  decomposed  by  the  lusl  manipiitatiuii,  und  the  result 
ing  componud  can  be  regaided  as  sulphate  of  putassa  witli  seäqui- 

oxide  of  eliRuuiuni,  K  S  +  Or,  containing  in  10(t  purls  47.3  sesqa^ 
oxide  uf  chnminni.    Tbis  result  can  also  be  proved  by  washing 
precipitate  n|>on  a  tilter,  until  the  whole  of  the  sulphate  of  potd 
is  dissolved.   The  reniaiiiiuj,'  seaipiiuxide  of  chiMmiuui  is  then  ignited" 
and  weiglu'd,  when  it  will  generally  agivc  with  the  first  result, ^i^iij] 
perhaps  a  very  little  more. 

Altbuiigb  this  assay  may  api>ear  to  be  very  tedious,  it  can  be  com" 
pletnl  in  (^>ne  and  a  half  to  two  hinirs. 

The  author  tiiially  presents  a  few  modifications  of  the  assay,  vbio 
are  necessary  iu  the  presence  of  certain  substances. 

It  BonieHuK-s  occurs  that  tue  solution  from  the  first  filtration 
comes  cloudy  when  diluted ;  this  is  owing  to  tin  or  bismuth,  as 
shows  that  there  wiis  not  snflicient  silica  added  for  the  fusion.     Tl 
same  may  occur  in  the  presence  of  antimony,  if  some  nitiv  is  not  pq 
on  the  liller. 

In  the  presence  of  metallic  acids  it  is  generally  a<ivisable  to  acidiH 
the  solution  struugly  with  a  few  drops  of  sulphuric  acid  and  v» 
somewhat  longer, especially  when  phosphoric  aeid  is  }irefient  Tiia| 
■tic  ueid  U  precipitated  iu  the  acid  solution,  and  is  apt  to  occsuio»! 
bumping  iff  the  fluid  during  the  eva[K)ralion.  During  the  sdntio 
of  ü»ü  fused  mass  of  sulpliate,  however,  it  prerenli  the  / 
of  tlie  rctiidue}  which  separates  quickly  in  flocculeut  [■  ■ 


mamng  töe  employment  of  chloride  of  merotiry  nnneceasury. 
Ituigjtic  acid  16  linully  removetl  by  digeatiug  the  chromium  salt  with 
uumouia  on  the  filter. 

Ill  pifsi-uoe  uf  ttutiuioiiy,  the  goluLion  must  not  be  boiled  after  the 
TuBioii,  but  must  be  sliaken  up  in  a  test  tube  with  nitrate  of  ammo- 
nia, in  order  to  render  the  silica  flooculent.  The  wusliiug  must  be 
done  nith  water  coutaiuing  a  tittle  nitre  in  Bolution.  In  dissolving 
the  bisulphute  ouc  or  two  spounfulä  üf  tärturic  acid  are  put  into  the 
leer  i!\ü&3.  the  ciolutiuu  kept  strongly  acid,  and  finally  well  vafibcd 
^th  chloride  of  mercury. 

If  magne»ia  is  present  in  large  quantities  it  is  best  to  add  silica  for 
the  fusion.  When  llie  ore  contained  copper  and  nu  silk-u  had  been 
[added,  yellow  flakes  of  sesqnioxide  of  chromium  and  oxide  of  copper 
I  will  appear  during  the  solution  of  the  mass.  The  solntion  must  then 
I  be  boiltHl  with  a  little  cjiU8tic  putuäsa.  when  the  yellow  Hakes  con- 
Itront  to  small  black  scales,  coutaiuing  no  sesquioxidc  of  cUromium. 
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10.    EXAMINATION  OF  GOALS. 

The  usefulness  of  the  blowpipe  has  been  increased  by  employing 
it  in  the  examination  of  coals,  which  both  Chapman  {Mining  una 
i^itjt/ic  Miuitnine,  Sept.,  18Ö8,  and  also  B.  vnd  IT.  Zeitung,  1859, 
No.  ID)  and  Kerl  {Leitfaden  bei  Löthrohr-Uniersuchunf/en,  18t)2) 
have  described.  Thi«  examiualiou  includes  the  most  important  de- 
terminations that  are  usually  made  by  unalylicul  methods,  viz.,  tlu. 
hygi'oscopie  muistmx',  the  coke  production,  the  amount  of  ash,  and 
the  ub&olute  he»tin;j;  power. 

a.  Ih'terwi nation  of  the  mointure. — From  one  hundred  and  tifty  to 
two  Inindred  milligi*.  coarsely  pulverized  coal  are  put  into  a  porcelain 
dish  and  the  hillcr  ]»Iuced  u|>on  the  support  of  the  blowpij«  lamp.  It 
is  then  healed  moderately,  either  over  the  oil  or  spirit  lump,  for  at 
least  live  minutes.  A  piece  of  white  filter-paper  laid  in  the  dish 
must,  however,  show  no  signs  of  charring.  Upon  cooling  the  assay  ifi 
Weighed  and  the  r^i^ulc  controlled  by  a  second  heating.  As  many 
kinds  of  anthracite  decrepitate  upon  being  heated,  the  dish  should  be 
covered  with  a  small  watch-glass.  The  jK'rceutage  of  moisture  is 
lowest  in  antlmicile ;  in  bilLiniiuous  coals  it  is  usually  three  to  four 
per  cent.,  seldom  six  to  seven,  and  reaches  its  maximum  in  lignite  and 
browu  coals,  which  contain  twenty  per  cent,  and  sometimes  more. 

b,  DetvrminatioH  of  the  coke  production. — An  ordinary  clay  cruci- 
ble. Fig.  30,  p.  24.  may  be  used  for  tjiis  o[>eratiou,  or  the  platinum 
capsule  recommended  by  Cliapmau.    The  latter  consista  of  t^vu  cap- 
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sules.  Upon  one  of  vbich  there  is  an  arm  to  preveut  its  fkWiug  om*. 
The  edge  of  tlie  upptir  one  is  bent  in  a  little,  so  tbut  it  serves  as  a 
cover  for  the  other,  both  being  made  of  very  thin  plati- 
^^  nuni  fuil,  in  order  that  their  weight  may  not  exceed  two 
p"^^!  grammes  uitd  to  j>erniitof  their  being  used  upon  ttie  blow* 
I  ^V  I  pipe  huiiiiioc.  I'hc  umoiint  \ised  for  an  ae.say  is  one  hun- 
^^^  j_   diwl  iiiid  lifty  to  twu  buudi*ed  njilligr.     The  heating uf  (hf 

**•**  platinum  or  clay  crucible,  the  latter  being  covered  with  a 
roastinifir  capsule,  is  best  accunipILshed  in  a  siiuarc  coal  aminged  In 
the  bolder  m  m  the  assay  of  ores.  The  cakiug  is  completed  aflir 
heating  to  re<lness  four  to  five  minuter.  When  u  clay  crucible  is  used 
the  coke  must  be  rakeT  out,  which  can  be  done  with  iierfect  ease. 

The  cuke  has  sonielimes  a  fused,  j>un)Uä  ajiia-nrunee  and  metallic 
lustre,  as  from  caking  or  fat  coals;  sumetimea  it  is  only  sintered  to- 
gethür  and  partially  fused,  as  from  must  of  t|ie  fn-e-buming  ur  nou- 
cnkiug  coals;  sometimes  not  at  all  fnsed  but  pidverulent  and  sandy, 
when  olititined  frr.>m  anthracite,  the  most  of  the  clo-ip-t/urning  coals, 
and  lij^uite.  The  weight  of  tlie  coke  vai'iea  with  aiilhracite,  botwwu 
sovcnty-two  and  uinety-alx  per  cent, ;  with  caking  coals  and  non-caking 
coals,  Iwtwecn  fifty-one  and  eighty  percent. ;  with  clnae-biiniing  cuale, 
(»otwcfu  sixty  and  seventy  per  cent;  and  with  hguite,  between  thirty 
and  fifty  i>er  cent. 

/■.  liftenuinafion  of  the  a»h. — The  combnstiuu  of  the  weighed 
quaiility  of  wml,  one  hunda-d  to  one  hundred  and  tifly  tnilligr.,  or, 
still  better,  the  finely-pulverised  coko  from  the  former,  is  made  in  a 
olay  or  platinum  capsule^  vhieh  is  put  into  the  otjal-holder  a&  fur  the 
roosting  of  co]>per  ores,  p.  436.  If  the  coal  is  used,  a  little  is  apt  to 
be  carried  off  as  dust  during  the  beginning  of  the  operation,  so  that 
it  is  advisable  to  cover  the  ca{>sulc  at  first,  and  not  remove  the  «-over 
until  the  erolntion  of  gas  ceases.  By  using  a  weighed  platinum  cap- 
Bnle  the  aüh  can  be  directly  weighed  in  the  siune,  without  first  tmns- 
ferring  to  the  8Ca1e-[>an,  in  which  operation  u  loss  might  easily  eusue. 
The  residue  in  the  capsule  should  bo  fre<iueutly  stirred  up  with  a 
piece  of  bent  plaliiium  wire,  in  order  to  bring  to  the  surface  all  the 
partially  burut  imrticles  of  coal. 

The  pereenluge  of  ush  in  coals  vnrios  greatly,  being  in  good  coal 
from  two  to  five  per  cent.,  but  frequently  eight  to  ten  per  eent^  and 
in  inferic»r  (^oul  even  from  fifte<*n  to  eighteen  p*'r  cent.  The  ash  may 
jmssess  a  l)rowni«h,  red,  or  gray  color,  according  to  the  amount  of 
sesquio.xide  of  iron  present,  which  is  formed  during  the  combustion 
by  the  oxidation  of  the  pyrites  in  the  coal.  An  alkaline  reaction  of 
the  moistened  ash  upon  litmus-paper  shows  the  prcauuco  of  lime  ot 
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nlkalics;  silicates  especially  being  in  the  ash  when  no  such  reaction 
Ulkes  plaoe.  The  presence  of  aulphiiric  »cid,  resulting  from  gypsum, 
may  be  easilj  determined  by  fusing  the  ash  with  soda,  according  to 

Ip.3ü7,  and  mangaueso  alüo,  according  to  p.  810. 
rf.  ÜeicrminaHon  of  ifiti  ubsnhitv  heatinff  power  by  ßfrfhier*»  prv- 
Cfjfif. — Twenty  millif^r.  of  tliL-  finely-pnlverizttd  fuel  ure  mixed  in  a 
clay  crncible  with  uboni  five  hundred  milligr.  of  tinely-pulveriwd 
oxychlurideof  U>ad  and  tlinn  covered  with  the  same  quantity  of  the 
latter.  The  oxychluride  of  lead  is  preferable  tu  litharge  on  account 
of  its  eajiier  ftiAihility,  und  is  prepun-d  by  fusing  in  ii  ]ii>rcelutn  cruci- 
ble, over  a  spirit-lamp  or  gas-hunier,  three  parts  by  weight  of  litharge 
Hnd  one  part  chloride  of  lead.  After  a  mixture  of  eight  spoonfuls 
(if  borax-glas3  and  one  of  powdeivd-gliiss  has  been  tuldeil  as  a  cover, 
the  crucible  is  closed  with  a  clay  capsule  and  put  into  the  coal-holder, 
which  must  also  be  provided  with  a  coal  cover.    The  fusion  is  then 

teondnctrd  exactly  as  for  a  Uud  or  bismuth  assay,  aiul  is  finished  in 
six  to  eight  minutes.  If  the  temperature  has  been  sufticient  the  re- 
duced lead  button  may  be  seen  through  the  linid  and  perfectly  trans- 
parent slag  l>'iug  upon  the  bottnn»  of  the  crnciblc  The  weight  of 
the  button  when  cleaned  from  the  slag,  divided  by  twenty,  gives  the 
quantity  of  lead  that  one  part  of  the  fuel  nnder  examination  can 
reduce,  and  since  one  part  of  carbon  reduces  thirty-four  parts  *of 
lead,  the  beating  power  of  the  fuel  may  be  easily  ascertained. 

The  amount  of  lead  redueed  by  one  part  of  coal  varies,  with  the 

different  pit  coals,  between  twenty-one  and  thirty-two  paiLs,  witli 

'  the  lignites,  between  sixteen  and  twenty-tive  parts. 
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Jll.  THE  ASSAY  FOR  MERCURY. 

This  assay,  essentiftUy  the  same  aa  that  proposed  by  Domeyko, 
and  described  in  the  Berff.  und  Hdtienm.  Zeitvng,  1845,  Na  20,  is 
very  simple  and  exact. 

A  glaj?a  tube  abont 
three  lines  in  diameter, 
and  seven  to  eight  indies 
long,of  not  too  thin  glass, 
is  bent  as  shown  in  Fig. 
87,  and  closed  at  one  end, 
leaving  the  shorter  arm, 
J,  one  and  n  half  to  two 
inches  long.  The  tube  is  thoroughly  dried,  and  then  from  five 
hundred  to  three  thousand  milligr.  of  flnely-powdered  ore,  accord» 
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ing  to  its  richness,  intimately  mixed  with  fire  to  ten  gnru  litharge 
being  introdnced  into  it,  the  lower  end  is  gradually  heated  over  the 
Bpirit-lamp  until  the  whole  mass  is  fused  and  the  glass  begins  to 
soften.  The  moisture  that  may  be  present  condenses  in  the  middle 
of  the  tube,  while  the  mercury  will  settle  as  a  thin  film,  sometimes 
scarcely  perceptible,  upon  the  sides  of  the  glass.  When  all  of  the 
mercury  has  been  sublimed,  the  txihe  is  carefnlly  heated  so  as  to  con- 
centrate the  mercury,  as  much  as  p088ibIe,'to  a  ring  at  ö,  the  tube  is 
allowed  to  c(iol,  cut  off  with  a  file  close  to  the  ring,  and  the  mercury 
then  brushed  together  to  one  drop  and  transferred  to  a  weighed  cap- 
sule. 

In  this  way  0.05  per  cent  of  mercury  can  be  very  readily  deter- 
mined, and  the  nature  of  the  gangne  has  no  infiuence  upon  the  re- 
sult. The  excess  of  litharge  serves  not  only  to  oxidize  the  sulphur 
and  selenium,  but  also  to  remove  the  arsenic,  antimony,  and  bitumen 
so  frequently  found  in  ores  of  mercury,  and  the  resulting  metal  is  so 
pure  that  it  can  be  veiy  easily  and  perfectly  united  into  one  drop. 
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L  The  amployment  of  quantitative  assays  with  the  blowpipe  for  the  deter- 
mination of  various  substances  in  quantitative  ohemioal  analysis. 

The  metliod  of  "Websky,  described  and  illustrated  by  nnmerons 
examples  {Bergwerksfrmind,  neue  Folge,  Bd.  L  Lief.  1),  consists  in 
decomposing  the  combinations  of  the  elements  obtained  by  analyt- 
ical methods,  with  metallic  salts,  in  the  wet  way,  so  that  the  element 
will  be  combined  with  the  metal  in  known  stoichiometrical  propor- 
tions. The  amount  of  metal  in  the  preparation  thns  obtained  is 
then  determined  by  the  blowpipe,  and  the  percentage  of  the  first- 
mentioned  element  in  the  original  substance  found  by  calculation, 
or  in  other  words,  the  determination  of  the  element  is  accomplished 
by  a  quantitative  assay. 

Although  this  method  may  appear  to  be  very  complicated  in  prin- 
ciple, it  may  still,  under  certain  circumstances,  be  of  advantage  to 
those  who  are  skilled  in  assaying  with  the  blowpipe,  especially  when 
only  approximate  results  are  required,  and  but  small  quantities  of 
the  substance  are  at  hand. 

Among  the  metals  used  for  substitution,  only  silver  and  its  com- 
binations have  proved  successful,  except  in  the  determination  of 
quicksilver,  where  gold  is  better.  The  author  has  properly  refrained 
from  describing  the  use  of  other  metals  to  be  determined  quantita- 
tively with  the  blowpipe,  because  the  method  is  either  too  compli- 
cated, or  wanting  in  accuracy. 

In  most  cases,  the  nitrate  of  silver  is  used,  and  less  frequently  the 
sulphate  or  acetate.  In  altering  the  various  solutions  and  precipi- 
tates to  the  corresponding  silver  compounds,  and  particularly  in  the 
treatment  of  metallic  sulphides,  it  is  necessary  to  observe  several 
precautions,  which  the  author  communicates  in  detail,  and  the  main 
points  of  which  will  be  mentioned  here. 

If  a  metallic  sulphide,  soluble  in  sulphide  of  ammonium,  is  under 
treatment,  which  dissolves  in  ammonia  with  the  separation  of  sul- 
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phnr,  a  Solution  of  it  iu  the  lutter  must  be  filtered  directlj  into  i 
conwutrat(?J  Bülntion  of  sulphate  of  silver  in  excess.  The  lottcr  is 
then  heated  to  l^oiling,  and  the  bliick  precipitate  of  sulphide  of  silver 
allowed  to  settle,  which  requires  uu  hour  or  two.  After  tiUerin^  and 
washing,  it  is  assajcd  for  silver.  The  entire  amount  of  snlphato  of 
silver  must  lie  used  at  once,  becuuie  the  solntions  of  the  rneljillic 
sulpliides  in  anirnouia  njc'iizo  rapidly  and  then  pive  less  sulphide 
of  silver.  For  this  purpose  the  amount  of  dry  sulphalc  of  filver 
necessary,  being  approximately,  but  amply  estimated,  ia  weighed  ont 

and  dissolved.     100  parts  Ag  S  contain  UÖ.2  Ag. 

The  nulallic  sulphides  thiil  are  insoluble  in  sulphide  of  ammo- 
uiuni  are  dissolvrd  in  eulphnric  or  nitric  acid,  bydmchlnric  acid  not 
being  so  good,  and  pii*cipitiited  from  the  solution  by  ammonia  and 
tul)>hide  of  ammouium  iu  excess.  The  solutioo  ia  filtered,  und  the 
precipiUte  and  filter  are  then  treated  with  nitrai«  of  «iUer,  again  fil- 
tered, and  the  residue  cupelled-  In  hydrochloric  acid  solutions,  the 
precipitates  are  apt  to  contain  some  chloride  of  ammonium,  which 
increast'S  the  resulting  silver  button.  The  sulphide  of  »mmnnium 
must,  if  iKWsible,  be  freshly  prepared,  l)ut  not  tuo  concentrated,  ex- 
cept when  the  sulphides  of  autJniuny  and  ai'senic  are  to  be  di^ulved 
out;  the  altenition  of  the  freshly-precipitated  sulphides  into  snlphide 
of  silver  must  nob  be  done  with  the  upplicjition  of  beut,  brcuusti  in 
this  case,  the  salpiude  of  silver  is  decomposed  by  the  nitratea  of  the 
metals. 

If  sulphides  are  being  treated  which  oxidize  very  easily,  as  the  snl- 
phidis  of  iron,  mangÄueso,  or  zinc,  the  precipitate  upon  ihe  filter 
must  always  be  covered  with  "water,  until  it  is  entirely  washed.  When 
the  precipitate  is  very  small,  it  is  better  to  pour  it,  together  with  the 
last  addition  of  wash  water,  directly  into  the  gloss  in  whicl»  it  is  to 
Iw  treated  with  the  salt  of  silver,  the  filter  being  pressed  down  into 
tlie  Auid,  to  which  the  solution  of  the  salt  of  silver  is  afterward 
idded. 

In  many  cases,  it  is  necessary  to  treat  both  filter  and  precipitate 
with  the  salt  of  silver,  as  the  latter  cannot  always  be  separated  from 
the  paper  by  a  jet  of  water.  For  this  i>urpose  the  filter,  cut  oa  emaJl 
as  possible,  is  put  into  a  platinum  crucible  about  two  inches  deep, 
and  pressed  with  a  gbiss  rod  into  a  [Kiste,  a  httle  of  the  silver  solution 
having  been  added.  The  ueees^ary  amount  of  the  *ilt  of  silver  ia 
theu  added,  heat  applied,  if  admissible,  and  the  scdulion  dilnted, 
allowed  to  settle  and  then  fiherwl.  The  particles  of  paper  in  the 
reeiidae  remaining  in  the  crncible  are  then  pushed  above  the  level  of 
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he  fluij  mass  with  a  glass  rod,  and  the  entire  precipitate  poured 
I  upon  the  filter.  The  paper  in  the  crucible  is  then  ivorkod  with  the 
•gloss  rod.aßor  adding  a  little  disliHud  water,  and  again  putihud  up 
on  the  sidea  of  the  crncible,  and  the  fluid  poun>d  upon  the  filter. 
This  mauipulation  is  re|vatcd  until  all  the;  paper  has  been  tlnely 
divided  and  hruught  n{>(>n  Ihc  filter. 

When  tho  last  jwrtions  of  the  wash  water  have  run  off,  the  filler  la 
laid  u|K(n  blotting-paper,  and  the  outside  Ibid  opened,  so  that  the 

IUlter  lakes  the  shupti  of  a  scmi-cirr.le.    Ä  ])icce  of  bloUing-papcr  i» 
then  laid  npon  it  to  soak  up  the  moisture,  and  it  is  Hually  pressed 
with  the  hand  between  drj'  filter-paper.     It  is  now  put  into  a  poroe- 
lain  dish  u|Hjn  a  piece  of  writing-paper  nud  heated  nntil  iK-rfeetlydry. 
after  which  it  is  held  with  the  forceps,  and  burnt  ovt^r  the  agate  mor- 
tar.   The  reeidne  is  tritnrated  with  the  nece8sar>'  amunut  of  borax- 
I glass,  and  put  into  a  paper  cylinder  with  test  lead. as de8crit>od  under 
the  silver  assay. 
The  author  rrrommends  that  the  pajier  for  the  cylinders  be  pre- 
pared in  The  following  wuy.     It  is  tlrst  soukeil  in  a  weak  solution  of 
ca»rt)Onale  of  soda,   and   when  dry,  in  a  concentrated   solution   of 
tiorax,  because  the  oi'dioary  soda-paper  burns  off  too  rapidly  for  the 
charge,  whi(;h  frequently,  as  in  the  present  case,  contaiuä  considerable 
carbon  that  bums  with  difficulty. 
H      The   fusion  and  the  cnyjellaiion  are  performed  exactly  a?   in  the 
^Uaiay  for  silver,  and  from  the  weight  of  the  resulting  silver  button  the 
^Bbmnt  of  th^  substance  sought  is  calculated.    In   this  assayi  of 

course,  ihu  cnpellation  loss  must  he  always  added. 
'  In   this  way  the  author  has  descrilwd   muthode  for  determining 

B  phosphorus,  chlorine,  the  fixed  alkalies  and  alkaline  earths,  chromium, 
nraniuni.  manganese,  arsenic^  antimnny,  tellerium,   bismuth,   jsinc, 
cadmium,  lead,  iron,  coj)per,  aud  mercury.     In  the  following  sub- 
^Tancejs,  which  are  of  special  interest,  the  determination  can,  accord- 
ing to  thccnmmnnicatfd  experiments,  bfaccompliithi.'d  with  accuracy. 
Phosphorus. — This   is   precipitated   iu  the  usual  manner  as  basic 

Ipbospliate  of  ammonia  and  magnesia,  and  the  precipitate  and  filter 
treated,  without  warming,  with  a  solution  of  nitrate  of  silver.  100 
Ag  correspond  to 'J.  69  phosphorus,  or  liÄ.Oi  P.  This  method  inolndes 
tJie  determination  of  mttgnesia,  which  is  precipitated  from  its  solution 
and  treated  in  tlie  abovu  way.     100  Ag  correspond  to  12.30  Mg  0. 

CÄ/t/riHr.— This  is  combined  with  sodium  or  fwtai^inm  by  fusion 
^with  the  carbonates  of  the  latter,  the  solution  saturated  to  excess 
(with  nitric  acid,  and  cliloride  of  aiWer  precipitated  by  adding  nitrate 
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of  silver.    7*he  precipitate  oontaiofi  one  eqaiTklent  of  chlorine  and 
onu  or  eflrer,  or  100  Ag  correspond  to  33.84  CL 

PotoMm,  $od/i,  Uthia,  baryta,  sirontia,  and  Hm$  are  ooBTerted  rata 
ehlorides  l>y  treniinent  with  hTtlrochlurio  «cid«  then  hemted  to  lov 
mlaeu,  dissoWed,  and  the  chlorine  precipitated  br  nitrate  of  ailver. 
Thf  determiiiatioD  of  the  chlorine  gires  at  the  same  time  that  of  tbr 
alkalies  and  earths.  For  one  equivalent  of  the  alkali  or  the  above 
meutioued  earths,  one  equivalent  of  silver  is  obtaioed,  or  100  Ag  cor- 
respond to  36.35  K  =  43.66  E,  31.46  Ka  =  3SJ7  Na,  6J0a  Li  =  ia4ä 

U  40.45  Sr  =  47.86  Sr,  63.48  Ba  =  70J?9  Ba,  18.64  Ca  =  26,05  C*. 

If  from  a  mixture  of  chloride  of  stroutium  and  chloride  of  bariutnt 
or  chloride  of  potafieinm  and  chloride  of  eodium,  the  weight  of  th« 
fre-«hly-ignited  chloride«  has  been  found,  and  then  the  chlorine  deter- 
mined by  chloride  of  silver,  the  quantitative  relation  of  the  two  tub- 
Btanoes  to  each  other  can  be  ascertjiined  by  calculation. 

Copper. — This  is  precipitate<l  by  sulphide  of  ammoniam  from  an 
ammuniucal  Solution  of  a  copper  salt,  and  the  precipitate  and  filter 
tn-ated  as  dewribed  above,  at  a  ven.-  moderate  heat,  with  nitrate  of 
silver,  upon  which  the  altemtion  into  sulphide  of  silver  results.  For 
one  equivalent  of  copper  one  equivalent  of  silver  is  obtained,  or  100 
Ag  correEpoud  to  29.3  copper  —  36.6  Cu. 

Iron. — When  sesquioxide  of  iron  is  precipitated  from  its  solution 
by  means  of  ammonia  and  sulphide  of  ammonium,  eesquisulphide  of 
iron,  Fe*  S*,  results,  which,  treated  according  to  the  method  de- 
scribed, precipitates  as  Ag  S  from  a  solution  of  nitrate  of  silver  one 
and  a  half  equivalent  of  silver  for  one  equivalent  of  iron.     100  Ag 

correspond  to  17.31  Fe,  or  to  2355  Fe,  or  to  24.72  Fe, 

Mantjaneac. — This  is  precipitated  from  any  salt  of  its  protoxide  by 
ammonia  aud  phosphate  of  soda  or  of  ammonia,  and  the  precipitate 
and  filter  treated,  without  warming,  with  a  neutral  solution  of  nitralt 
of  silver.     Exactly  one  and  a  half  e<^uivalent  of  silver  to  ono  eqni* 
alent  of  manganese  is  the  ratio  obtained.    100  Ag  correspond  to 

17.03  Mn,  or  to  21.97  Mn,  or  to  24.43  Mn. 

Arsenic, — This  can  be  determined  in  two  ways.  According  to  one 
method,  pentaaulphidc  of  arsenic  is  formed,  the  solution  filtered,  and 
the  prfcipitate  and  filter  treated  in  dilute  ammonia  and  gently 
warmed,  the  excess  of  sulphur  remaining  undissolved.  The  solution 
is  then  filtered  directly  into  a  solution  of  sulphate  of  silyer  in  excess. 
The  filtration  finished,  the  dark-colored  silver  solution  is  quickly 
heated  to  boiling,  and  the  precipitate  allowed  to  settle,  which  re- 
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qnires  an  hoar  or  kwo.  It  contains  five  eqnivalents  of  silver  to  one 
eqiiivulent  of  arsenic,  or  100  Ag  correspond  to  13.89  Aä  =  18.34 

,  As  =  31^  Ä's. 

According  to  the  other  method,  arsenate  of  potOBBft  ia  formed  by 
fusing  the  subslancc  with  uitre  and  carlxiunt^  of  potass».  Tho  mass 
then  dissolved,  saturated  with  nitric  acid,  and  highly  diiuted,  if  sul- 
phnric  acid  is  present  Nitrate  of  silver  in  excess  is  added,  and 
then  ammonia,  nntil  the  precipitate  is  redissolved,  after  which  the 
fluid  is  evaporated,  without  boiling,  to  drive  off  the  excess  of  ammtt- 
nia;  when  there  is  no  longer  any  smell  of  the  latter  noticeable  the 
precipitated  arsenate  of  silver  Hlterect  off.  Three  equivalents  of  silver 
are  thrown  down  for  one  equivalent  of  arsenic,  or  100  Ag  correspond 

to  23.15  As,  or  35^  Ik 

Chromium. — Chromate  of  potassa  is  formed  by  fusion  with  nitre 
and  carbonate  of  potassa,  the  mass  dissolved  in  water,  saturated  with 

petic  acid,  and  the  solution  buiJed  to  drive  off  the  carbonic  acid. 

Fftter  is  then  added  to  prevent  the  separation  of  acetate  of  silver,  and 
ftfterward  nitrate  of  silver  in  suÖicient  quantity.  The  precipitated 
Chromate  of  silver  contains  one-half  equivalent  of  silver  to  one  equiv- 
alent of  chromium,  or  100  Ag  corresjwnd  to  48.69  Cr  =  70.92  (-r,  or 

93.15  Qr.  As  the  slagging  of  a  large  quantity  of  chromium  in  tho 
silver  assay  requires  su  much  boras-gloss  that  the  mass  cannot  be 
conveniently  managed  with  the  blowpipe,  the  precipitate  and  filter 
must  be  boiled  with  very  dilute  hydnichlorio  acid,  by  which  o)>cration 
the  Chromate  of  silver  is  altered  to  chloride,  the  chromic  acid  being 
dissolved.    The  chloride  of  silver  is  then  ültercd  off  and  assayed. 


XI.  Spvctram  Analyiia. 

The  color  imparted  to  the  flame,  in  examinations  with  the  blow- 
'  pipe,  affords,  as  is  well  known,  a  eimple  me^ns  of  recognizing  various 
substances.  Although  this  reaction  in  many  cases  is  very  scnsitdve 
and  reliable,  it  is  often  rendered  uncertain  by  the  resembbince  of  tho 
colors  to  each  other,  or  by  thesimnltuneous  occnrrcnce  of  substanoea 
that  impart  intense  and  feeble  colors  to  the  flame,  so  much  so,  that 
even  an  expert  can  recognize  the  presence  of  certain  bodies  only  with 
difficulty,  or  not  at  all.  This  simple  reaction  becomes  of  greater 
valne  upon  observing  the  light  from  the  colored  flame  when  decom- 
posed by  a  prism,  so  that  it  is  possible  to  prove  with  certjiinty,  and 
nnolwtrncted  by  any  disturbing  influences,  the  presence  of  such  sul^ 
stances,  oven  when  in  complex  combinations. 
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Although  there  were  earlier  inveati^tions  conwming  the  spectn 
of  different  colored  flames,  still  we  am  moetly  indebted  to  (he  labors 
of  KirdihoflT  and  Buuson  in  this  snhjeet  for  a  more  exact  knowledge 
of  the  phenomena,  ae  well  as  for  u  mutliud  by  which  the  same  cau  be 
luMi«!  to  determine  the  vurioiie  snbetAnces  more  distinctly,  znore 
«jiiickly,  and  in  smaller  quantities,  ihiui  h  possible  in  aualytictU  cbem- 
iatry,  even  when  aided  by  every  convenience. 

A  Bnusen's  gas-bnmer,  however.  Fig.  8,  p.  9,  in  which  the  ga«, 
mixed  with  air,  bums  with  a  blue,  non-luminou»  flame  of  very  high 
temiierature,  is  best  suited  fur  heating  or  volatüisiug  tiie  äubatAncn); 
a  spirit-lamp  with  blast  is  much  less  conTenicnt  Small  quaatities 
uf  the  subBtaucca  are  melted  upon  the  hook  of  a  plaMaum  wire, 
in  order  to  bring  them  conveniently  into  the  flame. 

The  spectroacopea  udi-d  for  these  obeerrations  all  depend,  it  is  tme, 
upon  the  same  principle,  but  they  are  arranged  in  vnrions  ways ;  lu 
some  the  spectrum  is  observed  directly  with  the  naked  eye,  in  others 
through  a  telescope.    The  arrangement  of  a  simple  apparatus  of  the 
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latter  dcsciiption  is  shown  in  Fig.  88,  in  which  the  form  of  tb« 
some  is  given  in  horizontal  projection,  and  the  action  of  Uie  different 
porU  of  tho  apparatus  explained  by  the  dotted  lines.  The  tube  ah  is 
provided  at  a  with  a  slit  adju^able  by  a  screw.  This  slit  lies  in  the 
focus  of  the  leas  ft.  which  closes  the  other  end  of  the  tube.  The 
light  which  falls  through  the  slit  u]>oa  the  lens  is  projected  in  paral- 
lel rays  upon  the  bisulphide  of  carbon  or  flint-glass  prisra  c,  by  which 
it  is  refracted,  passing  finally  through  the  telescope  de,  at  the  end  of 
which  the  observer  places  his  eye.  If  the  obserrations  arc  only  ex- 
tended to  the  spectra  of  the  flame«,  the  apparatus  described  above  is 
inflicient,  but  in  more  accurate  investigations  it  is  necessary  to  know 
exiictly  the  position  of  tlie  lines  in  the  various  spectrft,  and  the  tut 
/g  is  added  for  this  purpoae. 
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i\8  alßo  contains,  in  the  <»i»d  (f  next  t«  tbe  prigir,  a  lens  in  the 
focus  of  which,  at  ihe  other  end  of  the  tube  /,  is  placed  a  scale  pho- 
tographed on  glass,  which  is  illaminatcd  by  a  taper  placed  before  it 
In  this  nuiniier  Ihe  picture  of  the  gcale  is  thrown  upon  the  front  face 
of  the  prism,  from  which  it  is  rt'llecli-d  into  the  telescojw  de,  so  that 
the  observer  sees  at  the  same  time  the  reflected  picture  of  the  scale 
iiud  the  gjK'Otrum  formed  by  the  prism.  All  the  tulles,  as  Wfll  as  the 
prii^m,  are  faälened  upun  a  round,  metallic  disc,  which  is  movable 
upon  its  vertical  axis,  being  held  npright  by  a  support  or  foot 

In  a  more  complete  up]>aratuä  there  i»  an  arranp^-ment  (not  shown 
in  tlje  fi/j^nre)  by  which  two  sfiectra  may  bv  directly  compared  with 
each  other.  For  thi«  purpoFc  a  enmll  glaes  prism  is  fastcDed  before 
the  luwer  half  of  the  slit  at  a.  to  prevent  the  admisHiou  of  nkvs  from 
the  source  of  light  in  tho  direction  of  the  prolongation  of  the  axis  of 
the  tube.  It  alluws.  however,  the  admission  of  the  light  fVom  a  lamp 
placed  at  the  side  in  a  projwr  iiositiun,  so  that  the  obser>-er,  upon 
looking  through  the  telescope,  sees  the  spectra  of  both  flames  one 
ftbove  the  other. 

Ill  ubseniug  the  colored  flames  with  the  aid  of  the  spectroacofv, 
there  is  no  such  perfect  continuons  apectmm  as  that  resulting  from 
white  light,  hut  only  a  few  more  or  less  isolated  colored  lines  apjH'ur, 
which  in  a  few  ttubslunceä  only  are  eombiiied  with  smaller  or  largei 
portions  of  the  usual  solar  spectrum. 

Plate  I.  contains  a  r('p^(;<^^■ntati^^n  of  speicti-a  which  are  of  special 
iotertrut,  an  Jtcr|uaintanci'  with  them  being,  from  a  practical  point  of 
new»  importjint;  for  convenience  of  comjmrisoD  the  notation  and 
extent  of  the  colors  of  the  solar  spectrum  have  been  placed  above 
the  other  spectra.  The  bright  lines  in  the  spectra  are  ilemited  by 
'»  ^r  7t  ^1  ct<*-'  ötc^  according  to  their  intensit}'  and  iDi])orianee  in 
recognizing  the  elements.  For  further  explanation  of  the  plate  see 
thp  rolbiwing:* 

ro^rtWwm.— Tbe  volatile  combinations  of  potassium  yield  a  very 
extend* d  and  continuous  spectrum,  which' shows  only  two  character- 
istic lines,  K  a  in  the  extreme  red,  and  K  /3  in  the  violet  of  the  other 
end  of  thu  6|vetrum.  Puttt^$&  aud  all  its  combinations  with  volatile 
acids,  witliout  exception,  ^how  the  reaction.  .Silicates  of  potaesa, 
however,  and  similar  salts  which  are  not  decomposed  hy  the  flame, 
show  it  whtn  treated  by  themselves,  only  if  the  percentage  of  iKtta>«a 
is  very  high.     If  the  ann.>nut  of  polassa  is  sninll  the  assay  bead  must 
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b(>  fii^  with  carlxtnate  of  soda  in  order  to  ootAin  the  cboracteriBtio 
lint's.  To  prove  the  prrsence  of  very  small  omounU  of  potossa  b 
the  silicates,  the  latter  must  be  heated  apon  a  pluHnum  cover  to  low 
redness  with  a  large  excess  of  fluoride  of  ammoDium,  and  the  residue 
brought  into  the  flame  upon  a  platinum  wire,  f'otafisa  ma/  iu  this 
way  he  found  in  most  of  the  silicates. 

Rubidium. — This  element  also  yields  a  continuous  spectrum, 
which»  however,  is  not  so  extended  as  that  of  potaaso.  The  lines 
niarkt^d  a  and  ß  are,  on  aoooant  of  their  extraordinary  intensity, 
regarded  as  the  most  important  ones  for  tht;  recognition  of  thi» 
metal.  The  linoa  &  and  y  are  less  intense,  but  still  vcnr  character- 
istic. Tiie  other  line?  appear  only  with  a  very  strong  light  and  Terr 
pure  salts,  and  are  therefore  of  little  u^  in  recognizing  rnbiditim. 

Cäsium. — The  spectrum  of  this  metal  is  rendered  verj'  characteris- 
tic by  the  two  blue  lines  a  and  '3,  wliirh  are  remarkable  for  their 
intensity  and  eharpness.    As  with  rubidium,  yellow  and  green  line« 
»re  noticed  in  the  continuous  part  of  the  spectrum,  but  they  ore  only 
Tiäil>le  with  a  very  intense  light.     Bubidtum  and  c?esium  occur  Tei^^H 
sparingly  and  are  always  associated  with  other  alkalies.     They  c^^H 
easily  be  ecparat^'d  as  chlorides  fh)m  sodium  and  lithium  salts,  by     ^ 
means  of  bichloride  of  platinum,  but  potaasa,  wliich  isalnaysprc^jut, 
is  also  precipitated  with  them,  and  the  presi'ucc  of  rubidium  and 
ctesium  cannot  be  proved  by  spectrum  analysis  until  the  greater  part 
of  the  ptatinchlortde  of  potassium  is  removed  by  repeated  boiling 
with  water. 

Sodiitm. — The  yellow  lino  o,  the  only  one  iu  the  sodium  spectrum, 
id  remarkable  for  its  great  brightness  and  distinctness,  and  is  the 
most  sensitive  of  all  spectrum  reactions.  The  line  is  produced  by  all 
the  various  combinations  of  sodium  in  nature;  it  is  scarcely  possible 
10  have  a  flame  in  which  this  reaction  is  totally  wanting. 

Lithium. — Lithium  shows  a  distinct  bright  line  in  the  red,  Li  *, 
and  another  in  the  orange,  Li  /3,  which  is  usually  scarcely  visible. 
Every  combination  of  lithilim  slows  this  n-actiun  distinctly.  When 
the  amount  is  very  small,  as  in  the  numerous  silicates  in  nature,  the 
experiment  is  best  made  in  the  following  manner:  a  small  quantity 
of  the  aubstunce  is  digested  and  cvajH)ruted  with  fluoride  of  ammo- 
niam,  a  little  sulphuric  acid  is  then  added  to  the  residue,  evaporated, 
ind  the  dry  mass  treated  with  aleohcd.  The  ulooholic  solution  is 
svaporated  to  dryness,  the  mass  again  treated  with  alcohol,  and  the 
resulting  liquid  dried  in  a  glass  capsule.  The  remaining  cnist  can 
be  scraped  together  and  brought  into  the  flame  upon  a  platinum  wire. 

StrofUium.—'Vhe  strontium  spectrum  shows  eight  very  distinct 
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lines,  BIX  red,  one  orange,  aud  one  blae.  The  orange  line,  Sr  a,  close 
to  the  sodu  line,  the  two  red  lines,  Sr  ß  and  y,  and  finally  the  blue 
line,  Sr  S,  arc  the  most  important.  Chloride  of  strontium  shows  the 
reaction  more*  strongly,  the  snlphate,  however,  only  feebly,  and  the 
combinations  with  acids  not  decompo^od  by  the  flame,  still  more 
feebly,  or  even  not  at  alL  If  the  sulphate  1^  to  l>e  used,  the  assay  ia 
held  for  a  short  time  in  the  reducing  part  of  the  flame  in  order  to 
form  the  sulphide,  which  is  easily  decomposi^  by  hydrochloric  acid. 
The  combinations  with  acids  nut  dt^cumposed  by  the  flame  must  be 
fused  with  carbunate  of  soda.  The  residue  fVom  the  golntion  of  tlie 
mass  in  •waU.r  contains  the  strontium  as  carbonate,  a  very  small 
quantity  of  which  gives  an  intense  reaction  when  moistened  with 
hydrochloric  acid. 

Calcium. — The  calcium  spectrum  contuina  a  very  intense  line  in  the 
orange,  Ca  «,  and  an  e<{tially  cliaracteristic  one  in  the  green,  Ca  ß. 
The  line  in  the  violet  is  feeble  and  is  only  visible  in  a  very  intense 
spectrum.  Chloride  of  culcinm  aflurds  the  most  distinct  reaction. 
Id  the  combinations  wliich  are  decomposed  by  hydrochloric  acid,  the 
ruactiou  is  easily  shown  by  heating  the  pulverized  substance  on  a 
ptab'nura  wire,  moistening  it  with  hydrochloric  acid,  and  again  bring- 
ing th<?  mass  into  the  flame.  Of  the  silicates,  which  are  not  acted 
upon  by  hydrochloric  acid,  it  is  only  ueces&ary  to  dcconi^mse  a  very 
small  quantity  with  fluoride  of  ammonium,  to  moisten  the  residue 
with  one  or  two  drnps  of  sulphuric  acid,  to  ignite  again,  and  to  beat 
the  residue  on  a  wire  in  the  flume,  after  dippiug  it  in  hydrochloric 
acid. 

Barium. — The  barium  spectrum  is  very  complicated,  being  charac- 
terized by  several  green  lines,  of  which  Ba  a.  and  ß  are  the  most 
important    The  haloid  salts  of  barium,  barvta  and  als»  the  moat 

frequent  combinations  which  occur  in  nature,  Ba  C  and  Ba  S,  show 
the  reaction  most  distinctly  and  can  be  recognized  by  simply  heating 
them  in  the  flume.  The  silicates  containing  buryta,  which  are 
attacked  by  hydrochloric  acid,  afford  a  distinct  reaction  when 
moistened  with  acid.  The  combinations  which  are  not  attacked  are 
decomposed  as  described  under  strontium,  aud  the  resulting  car- 
bonate of  baryta  tested.  If  lime  and  stronnanre  both  preseul  the 
carbonates  ubLained  from  the  decomposition  are  dissulved  in  as  little 
nitric  acid  as  possible,  evaporated  to  dryness,  and  the  lime  dissolvetl 
oat  with  alcohol.  The  residue  still  contains  baryta  and  strontia, 
both  of  which  can  be  easily  recognised  when  they  are  not  in  too 
unequal  pnipurtions- 
By  igniiing  with  chloride  of  ammonium  the  residue  may  also  ba 
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altered  to  chlorides,  from  which  the  chloride  of  strontium  mar  be 
sepunted  by  alcohol. 

Tltallium. — The  thallium  spectrum  is  distiajpiiahcd  by  a  stnglt, 
intcni?c  green  bond,  yt*ry  sharply  dcfiaed,  which  almost  coincide« 
with  the  line  &  of  the  barium  epectrtim.  All  the  rarious  saltä  of 
thallium  show  this  line  with  great  distinctness,  and  eren  the  pyrit*"« 
which  ounttiin  but  very  little  thallium  afrord  th«  spectrum  immi-di- 
attfly  by  simply  ht.>atiug  them  ia  the  edge  uf  the  flame. 

Indium. — Id  the  speotram  of  thi«  metal  two  lines  un?  seen,  one  of 
which,  Iq  1,  \i  in  the  indigo,  and  the  other,  i^,  in  the  violet,  Thf 
former  ia  by  far  the  must  intensis  and  f^om  it  the  presence  of  indinm 
can  be  easily  recognized.  The  various  combination»  of  ioditim  shuvr 
rhe  spectrum  very  distinctly,  bnt  it  is  not  pjdsible  to  prove  the  pres- 
ence of  thiä  metal  in  zinc  blende,  in  which  mineral  only  it  occnr», 
in  this  simple  miuiuer,  viz^  by  heating  it  alnne.  or  eren  by  bringing 
the  roasted  blende,  moistened  with  hydrochloric  acid,  into  the  flam«*. 
A  few  grammes  of  the  zinc  blonde  must  be  decomposed,  when 
roasted,  by  hydrochloric  acid,  or  when  not  roasted,  by  aqua  regi«,  the 
solution  diluted  and  saturat4>d  with  ammonia.  The  resulting  preoip- 
itate,  which  contains  the  oxide  of  indium  as  well  as  the  ses<|uioxide 
of  iron,  if  tlie  blende  wtis  foTniginous,  is  Uk-ü  dried  and  a  small  p»jr- 
tion  of  it  moistened  with  hydrochloric  acid  and  brought  into  the 
flame  on  a  platinuiu  wire.  If  indium  is  present«  the  blue  bne^  «,  will 
be  seen  for  a  short  time  very  distinctly. 

Besides  the  above-mentioned  elements,  various  other  sabstaooeft 
when  heated  give  mure  or  less  characteristic  spectra ;  as  Beleniun 
and  phosphorus,  when  the  latter  is  heated  in  a  stream  of  hydrogeti 
gas  and  the  flume  from  the  n^sulting  gas  obaerved;  boracic  acitl, 
protochloridc  of  manganese^  chlorides  of  lead,  bismnth,  and  co]>per. 
Selenium  yields  a  great  number  of  dark  line«,  equnlly  diatanl  frum 
each  other,  extending  from  the  yellow  to  the  violet  of  the  spectrum  ; 
phoBphorus  i$  di.stingni^hcd  by  three  lines  in  the  green  ;  borocio  U!id 
and  protochloride  of  manganeee  give  likewise  several  broad  grwai 
linos;  the  chlorides  of  lead,  bismuth,  and  copper  show  bright  line« 
in  almost  all  parts  of  the  spectrum. 

The  so-called  spectra  from  absorption  are  also  very  interesting; 
they  are  obtained  by  placing  convenient  gloss  vessels,  conrainit 
solutions  of  certain  salt.«,  and  even  gases,  between  tho  slit  in  the  tal 
and  the  illtiminuting  flAme,  so  that  the  light  will  [)as8  through  thn 
liquid  or  gas.     liy  this  arraugemcat  large  portions  of  the  cumpldej 
spectrum  diä.ipp>'ar  through  absorption  of  corregponOing  ray»  of  light 
or  else  only  dark  Hues  are  aeen  in  different  parts  of  the  eameL    Fhe- 
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fiomena  of  this  kind  are  afforded  by  solutiouB  of  permanganate  of 
potassa,  also  by  certain  salts  of  cobalt,  copper,  and  chromium,  as  well 
lid  didymium  and  erbium.  The  spectra  resulting  from  the  last- 
named  compounds  are  of  special  interest  to  the  chemist  When 
almost  colorless  solutions  of  these  metals  are  placed,  in  moderate 
thickness,  between  the  slit  and  light,  tlie  didymium  salts  give  a 
strong  black  line  in  the  violet  part  of  thf^  spectrum,  and  also  five 
finer,  more  or  Jess  intense  black  lines  in  the  green.  Solutions  of 
erbium  salts  yield  lines  of  differtMit  strength  in  the  red,  green,  blue, 
and  violet  portions  of  the  spectrum.  The  solutions  also  of  yttria 
are  said  to  give  lines  in  the  yellow  and  green. 

Zn.  QuttliUtive  TmU. 

a.  Te»t  for  potatfsa. 

Permanganate  of  potassa  in  solution  furnishes  a  medium  far  more 
transparent  to  the  rjiys  from  the  potassa  flame  than  indigo  solution, 
US  stated  by  the  translator  in  the  American  CAez/it^/,  April,  1872. 
It  is  used  in  exactly  the  same  way  as  the  indigo  solution,  and  mii; 
be  advantageously  replaced  by  aniline  colors  dissolved  in  alcohol, 
which  offer  the  advantage  of  remaining  clear.  The  aniline  solution 
must  be  of  precisely  the  same  color  by  transmitted  light  as  the  pi-r- 
munganate  solution.  If  too  blue,  some  drops  of  a  solution  of  red 
aniline  are  added,  and  tnce  verm.  The  translator  uses  aniline  niglit 
blue,  corrected  with  Hoffmann's  violet,  or  any  reddish  aniline  solu- 
tion. Silicates  decomposed  by  acids  are  tested  after  such  decompo 
sition.  If  not  decomposed  tlicy  may  be  heated  on  platinum  wire 
with  two  parts  gypsum  and  one  part  fluor-spar. 

b.  Test  for  bismuth. 

Von  Kobeirs  test  for  bismuth  {Jonrn.f.pr.  Gkemiet  1871,  vol.  iii., 
p.  469)  is  the  most  characteristic.  Heat  on  a  large  coal  the  bismuth 
compound  with  a  mixture  of  equal  parts  of  sulpluir  and  itjdidc  of 
potassium.  The  presence  of  bismuth  is  sliown  by  a  volatile,  briglit- 
red  coat,  at  a  distance  from  rhe  assay  ;  there  may  be  a  yellow  coat  of 
oxide  of  bismuth  nearer  the  assay.  A  large  amount  of  lead  ob- 
scures the  reaction,  by  causing  a  copious  yellow  coat.  The  trans- 
lator has  varied  the  test  {American  Chemist,  March,  187*-?)  so  tiiat  u 
very  small  amount  of  bismuth  with  a  great  excess  of  lead  can  still  be 
detected.  Tlie  assay  is  heated  in  an  open  tube  four  inches  long  and 
at  least  one-third  of  an  inch  wide,  over  the  spirit-lamp,  witli  an  equal 
volume  of  a  mixture  of  one  part  iodide  of  potassium  and  five  parts 
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u2a  plaitneb's  blowpipe  ahalysis. 

«iilphnr.  Lead  alone  will  then  canee  a  copious  sublimate,  pnre  yel- 
low when  cold,  while  the  presence  of  bismuth  will  cause  a  red,  or,  if 
very  little  bismuth  is  present,  an  orange-red  bund,  aboat  one-third  of 
an  inch  above  the  lower  edge  of  the  yellow  lead  sablimate.  Should 
an  excess  of  antimony  obscure  this  reaction,  remove  most  of  the 
antimony,  in  case  of  sulphides,  by  alternate  treatment  in  0.  F.  and 
R.  F.  on  coal ;  in  case  of  oxides,  fuse  them  with  an  equal  volume  of 
sulphur  in  a  deep  cavity,  and  then  treat  the  remaining  sulphides  as 
before.  It  will,  however,  seldom  be  necessary  to  test  in  the  glass  tube. 
Care  should  be  taken  not  to  mistake  for  the  bismuth  sublimate  a 
sublimate  of  iodine  which  may  form  in  the  upper  part  of  the  tube, 
but  at  a  greater  distance  &om  the  assay. 
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Fabcrile.Sl>$                          ^^^M 

^H       Miuitc^floOkU«, 

Fcffnaoiaie.  181. 186                 ^^^M 

^H      DrwdiKtsfliMaL 

Ferradiuütr.  tidt  Srboriaadlft^^^H 

1 

ntoafeiziie.  3ia.                      ^^^H 

UIXEHAL8. 

Ö4?^H 

Oofllnntt^.  250.  2-54. 

^^H 

m,9M. 

Oöihlle.  315.  228. 

^^^^^1 

■  388.208. 

Gramcoito.  230. 

^^^^^1 

riwa. 

Orannnaüi)'.  IG9.  106. 

^^^^H 

*nd<',  807. 

Grapliic  tt-Miiriinn.  318. 

^^^^H 

•al.  3IÖ. 

Qrapliitt'.  *>5.  357. 

'^^^^H 

rite.  1«Ü,  175. 

Gntv  iiiitiiiioiiv,  327. 

^^^^^^1 

aoi 

Gray  oupprr,  588. 

^^^^H 

rtonn,  868. 

Gray  iiiaiiy:uicse.  207 
Green  carili,  220,233. 

^^^^^1 

tcMS. 

^^^^H 

-rine.  89.  SOO,  209. 

Grw'nrtckltc.  25«,  257. 

^^^^H 

Tile,  199,  902. 

Greenovitf.  147,  156. 

^^^^^1 

^'■'     [  88,143,148,384. 

Groppitf,  122,  12«. 
Groroilitr.  207.  213. 

^H 

rite,  159,  16Ö. 

Grot^sulnrii",  1-15,  154. 

^^^^H 

VÜle.  388.  398. 

GrOmmite.  243.  247. 

^^^^H 

»Ute,  143,  149. 

GrüDLTik-,  211),  233. 

^^^^H 

bite,  207,  219. 

GuarlnitL-.  147.  156. 

^^^^H 

Wl*.  288. 

Guaynnaiille.  288. 

^^^^H 

rbenite,  306,818. 

GuLrliDlian.  144. 

^^^^H 

It',  lai. 

Gumiuite,  28'!.  288. 

^^^^H 

'»earib,  171. 

Guytiqnillile.  356. 

^^^^H 

It,  145.  1S4. 

Qymiiilf.  160,  106,243. 
Qyptsiim,  88. 142,  14& 

^H 

nitc.  80. 181.  101. 

Oy  route,  146.  154. 

^^^^H 

jc,  80, 250, 255. 

^^^^H 

Itc,  129. 

KairUu^frit«,  144,169. 

^^^^H 

Jp     f  257.  2M. 

Halik'.  127. 
Hallovsite.  170. 176. 

^H 

:.  88,  145. 

HalmricliilL',  210.  329. 

^^^^H 

ussitp,  88. 128,  151. 

Hnrmoiome,  137,  139. 

^^^^H 

tiltilf.  142, 

Hariinj;l<mil«,  120. 

^^^^H 

lite.  W1>.  U*!,  154. 

Hfirtil«,  y.")5. 

^^^^H 

ewn,  120.  127,  229. 

Hatclietiltf,  356. 

^^^^H 

ip.  ItJO,  I  OR,  248. 
•ellitc,  um. 

IlaiJCTilc.  207.  211. 

^^^^H 

Iluui^iimiiiiil«',  24t7,  211. 

^^^^H 

•ite,  35Ö. 

il:iüvinri-.  W,  130. 133. 

^^^^H 

mile.  257,  2ttS. 

H«ydi-nite.  123,  123. 

^^^^H 

Ticlbe.  8.50. 

Hedenhen;itc,  145.  154. 

^^^^H 

fflte,  24.3. 247. 

lledyphant-,  250,  270. 

^^^^H 

te,  80,  168,  178. 

Belioiropi-,  362. 

^^^^H 

Uic,  122, 12Ö. 

Helvite,  88, 178.  17». 

^^^^H 

"lite,  Vis,  120. 

Ht-matito,  215,  328. 

^^^^H 

.iU>,  170.  176. 

Hepfilic  oiiumbar,  303, 80«, 

^^^^H 

rile,  219.  'üiü. 

nc-palic  I'vrilcA,  SIR. 

^^^^^B 

adle.  122, 120. 

ücrcyiiiit\  162,  107. 

^^1 

ile.  ITÜ. 

HenkTiri-,  143. 

^H 

If.  I2l>,  124. 

Hprsclielite.  132,  136. 

^H 

ipiittlf,  14.%  150 

Heaaitu.  307.311. 

^^^^H 

T  »all,  127,  382. 

Ileteniclinc,  208, 

^^^^H 

Tile,  83,  127,  140. 

Hi'hTntiiurpliit«'.  258. 

^^^^H 

•dul,  2tfO,  24U. 

Hfierosiif,  88,  303.  218. 

^^^^H 

ilite,  vide  Weraei-ite. 

IleiilandiK-.  147.  154. 

^^^^H 

mite,  220. 

lliclmiLe.  181,  186. 

^^^^H 

pbane,  128. 132. 

Hircile,  3.W, 

^^^^H 

]e,  tide  Chrysolite. 
Tile,  yl5,  228. 

ai»ingerii(%80,210,28a 

^^^^H 

Hoirnt^ttii«,  158. 

^^^^H 

lite,  12i,  126. 

Unlniite.  194,  197. 

^^^^1 

118,  320. 

H»Diicblin,288.  297. 

^^^^1 

miilgHm.  318.  821. 

llornblGiidL-,  159,  166. 

^^^^H 

ttle,  122.  126. 

HiiFD  quicknitver.  303. 

J 
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Horn  eilrer,  808. 

HoniMtnni',  atiS. 
Bow]ite,  US. 
Hufbttcriti',  308,  aia. 
Hnmboldmiic.  123.  IM. 
HuiuMdliui-,  älT.  23«. 
Hnmile.  ISl. 
Htin'atillle.  2m,  213. 
HjftCiiilh,  iy4. 

Hyalnplmnf.',  121.  ISA. 
HyaltpaidtTiH-,  159,  16ti. 
Hvdnirjilllilc.  iGft 
IlydrniiiJoHns  ^4-^,  150. 
HydniUnrncilc.  8s,  144. 151. 
Hydrubortwnknle,  141,  Ifil. 
Hyflni(!uli.niiu-,  143,  ISl. 
HydniUUf,  vm  12Ö. 
HyilronuignpsiEp.  li^9,  IftS. 
Hydrophani',  SWJ. 
llydropbiiii.  IHI,  IQU. 
Hydruiilt,  208. 
Flydnitiili'ile,  1&3.  Iftl 
HyjlnrairiciU',  2,10,  2.54. 
Hy|H>nUit;uc,  80, 150.  tQB. 
HyiKifhlorite,  279,  383, 
HyiHisclcril*',  128,  1^3, 
UypostildU^!,  Wa 

Iberite,  123. 
Idrialite,  355,857. 
Idocrnse,  88,  14Ö,  154. 
Iclt'sitwhc.  L^-Vl,  2ri4. 
llmctiiu-,  218. 
llmetuirutik'.  •S.'J. 
ISvnile,  Hll,  151. 
Indianitc,  128,  i:!2. 
liuiifiit  ci'p|iLr  287. 
loilvrito.  yily,  S15. 
lolfli-,  89.  159,  KKi. 
IridJuui,  ^iri. 
IniloMiiiii.-.  :tI5,  317,318. 
Irite,  310,818. 
Iron,  nnlivi',  214,  22fi. 
niftcoric,  214,  226. 
titanic,  90. 
Iron  ore,  Ik>k,  310,  228. 

bn.wn  ai.^,338. 

mnKn- IK-,  215,  i>38. 

ml.  a  15,  228. 

spa  liir,3lT,  2M. 

specular,  215,  :;'.»8. 
Iron  pyrites,  215. 
Iseriie,  218. 
Isopyre,  146,  154. 
Itlnt-iilt',  130. 
Ivaarite,  147,  156. 

Jadeiic,  1S8. 
.lalpailc,  307,  313. 
Jauiesonitc,  258,  266. 


Jarooite,  120,  216,  32a 
Jasper,  862. 

Jilä|l-iijWl,  WÖJ{. 

Ji^m  mite,  mo,  166. 
JelTi-rsonito,  145.  154. 
jL'Hkiitsite,  tfll,  16«. 
4(>lmniiite,  284,  26». 
,]i>llyie,  220,  333, 
JoäBile,  278.  282. 

Kainite,  120. 

Kalaite,  ride  Turquois. 

Kiiliniu-,  no,  I7:i,  ^85. 

Kitlki-vlUrihit,  201 ,  302. 

Kämniprerile,  1Ö0,  166. 

Kautiu-,  207.  311. 

Kaolin.  17Ü.  176. 

Kaolinitf,  171. 

Karelinite,  279,  283. 

Keilhfluite,  147,  156. 

Kerargyrite,  vide  CentrgyritaL 

Ki-riiH'sit*',  327,  333. 

Kersiciiiie,  2ro,  271. 

KiM«kipli»ne.  318. 

Kicstrht,  158,  103. 

KJlIjrickBnite,  2oS,  366. 

Killluiie,   23. 

Kiscliiimiif,  200,  308, 

K!i.-btliii-,20rt,218. 

Ki.lM'Ililt,25y,2«ft. 

KceiiliR',  ä.io.  357. 

K&itiKilf, -J-'A  255. 

Krabiitp,  123,  12«, 

Kranixiie.  :i56. 

Kraiiriti',  317. 

Krtitlonite,  250.  255. 

Kruincr^iK.',  1 21),  124. 

Ku]iferfrUiu,  291, 

Kni./f  i/'Uii.ie,  288.  297. 

Kuj>hrii/,frärsf,  2S!).  299. 
I  Kt!|itft.-iit^,  15^4.  Kili. 
I  K.v;inM«\  r>i1>-  (,  viiri'ut'. 
I  K^'iniinn.  loll.  lull. 
■  Kyrt'siu-,  215,  228. 

^  LalTadorilP.  88.  138,  132. 

,  Liiui'iiitf.  217. 

,  Lanipniiiic.  207,  213. 

l.llIll|ll■■|^|lll:llHll  .  25!»,  270. 

biniukiu-,  3.">9.  270. 

Ijlllta^trrilc.  15s,  IG-K 

Lan;;ili-,  2Mt.  -•U!t. 

i.;iiilli;iiii!i'  ■.''ini,  20;t. 

Lapis  lazuli.  f<><.  KtO. 
,  Lanknliiif.  l;{(i.  3(JÜ. 

La<iir;ip:itiic-,  143. 
■Laln.hilr.  122.  12*>. 
.  I.;itiini>iilili',  14(>,  154. 

l,:n,v:ic,  '•\]*i. 

I.iua.  i:il. 

Laviuiiulaii,  237,  243 
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,ite,89,  158,164. 

earthy  carbonate,  260,  271. 

Dative,  2Ö7,  ^ini, 
jillile,  a5lf,l!7ü. 
vi  nü|,  vide  AncleaUe. 
■bItTKlt-.349,  253. 
Ititu,  127. 
triie,  129. 133. 
iiicliiie,  2.17,  365. 
iiüf.  120. 
iimlitc,  HÖ,  154. 
locrocile,  215. 
Inliti*.  121,  120. 
lomelflDf,  121,  12fl. 
iM-olitrgile,  161,  166. 
U',  8W,  121.  136. 
jperrilp,  3.'j6. 
>pliauitc,  1»U.  mo. 
jpvrite,  214,  326. 

aitV.  2;1, 126. 
henite,  2U0,  300. 
nerJttJ,  ISÜ,  126. 
rit«,  284,  380. 
itc.  146, 154. 
red  silver  ore,  307. 
te,  356. 
ilane,  144. 
uranite,  284. 
ite,  215,  228. 
nite,  215,  228. 
ile,  25Ü,  26Ö. 
K^kciite,  290. 
site,  2:Jü,  241. 
onitc,  290,301. 
giti-,  vide  Leucopyrite. 
Iiiciite.215,  227. 
itc,  145,  154. 
it«,  127. 
;itc,  120,  124. 
L^la-s«,  121. 
in  stone,  362. 

eelorumie,  1-V7, 163,  228. 

csik'.lK)  158,1(15. 

eiic  pyrilca,  214. 

etile,  215,  228. 

:hite,  290,  300. 

lolilü,  145,  154 

un,    i)i*  1Ü7 

iftcik',  1*1,    76. 

aniileudu,  207 

uniit%207,  211. 

BnkiL-.s(;l,  2(J6> 

unoL-nlfilc,  208,  213. 

isitL-,  315,  2-27. 

;Iiiie,  2U8,  213. 

irite.  170,  176. 

iroilite,  122. 

lite,  128. 

144. 

.alitti,  240. 


Marmolite,  IfiO,  166. 
MaBcujnite,  1^6,  883. 
Musüliite,  170. 
Mas^ieoi,  25y,  269. 
Mailofkite^  259,  209. 
Meiijidite,  284, 28«^ 
MöTsrhmim»  161,  lÄß, 
McgHtiAHlt<;.  2ü2,  2tjt. 
Mt/?iibromite,  308. 
McJoiiite,  140,  154. 
MelatiHiilt^  2^0,  31^9. 
M4jlaiH-Jlite.  S5Ü, 
Melaoitc,  145, 151. 
MeknocbriiJCti,  2TL 
Me)iiHo]iiü,  2ä0,  233. 
Melnutci-it»,  316,  *^2a 
Melilile,  122.  126. 
Melinite,  220,  liiSS. 
Melipliauik-,  lao. 
Mcliit«,16U,  176. 
Mt;Irnjile,342,a4tt,353. 
Altfiiucctbiiitt',  218,  232. 
Mt^ndipile,  259,  StiO. 
Menduzile,  127,  174 
Munegliinite,258,  266. 
Mengite,  194 
Menilite,  362. 
Mercury,  302,  305. 

iodide,  806. 
Mesilite,  158, 165. 
MesoJin,  123.  126. 
Mesolile,  12Ü,  132. 
MtfltiUusliitL',  143. 
MeUwriilinilt',  220,  233. 
AlL-teurie  iron,  214,  326. 
Meteorites,  124. 
Miarj^yriie,  307,  818. 
Miwi,  88,  131,120. 
Micrubruuiite,  !J06. 
Miciuclin,  121. 
Microlite,  145.  • 
JUidJkUiöHf,  356. 
31it'siie,  25Ü, 
MilliTite,  24a,  247. 
Milohcljilo,  Itifl,  176. 
Miuiciiie,  309,  270 
Miui-ral  con  I,  355,  856k 

oil,  355. 
Minium,  259,  269. 
Minibilite,  127,  382. 
Misenite,  120,  124 
Mis|)ickel,  214,  226. 
Misy,  vide  Copiapite. 
MizzuiiitK,  128. 
Mouliu  atone,  362. 
Molybduniie,  336,  337. 
Molybdic  ochre,    )   „„„  q™ 
Molybdite,  \  ^0-  3^- 

Molysite,  215. 
Muiiazile,  200,  203. 
Monazitoid,  200,  203. 
84 
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MoDimolite,  261,  273i 
Monradite,  IGl,  166. 
Mourolitc,  161). 
Montnnito.  279,  283. 
Monticfllite,  145,  154. 
MonimorilloDtte,  171,  176. 
W or, Knit»',  l.'JO. 
ilt'Jrnositv.  .iV-i.  248. 
JIwandriK. '^Ül,2ü6. 
Mountaiu  cork,      )    ..    »„k«*..- 

Mnllerilc,  aty,  321. 
>Iunj)monUtt.  It^l,  102< 
Mijftft>Tiie,  131. 

Myelin.  169, 176. 

Nacritc,  ride  Nakrit 
S'lknf,  171,  17(J. 
Jifl^-jiiriif.  3,'>ti,2fl7, 

!K»I>!itl>flliii,  a56, 
Native  iron,  214,  236. 

Knfrtm,  127  a8'i- 
NiFiiimnnnlte,O07  311. 
Hi-efili'-irofisioDp^,  215. 
Kcmsliu-,  1Ü7.  Ißi?. 

Ki'i.mt;.  mi.  .m. 

N«»H>i  iip.  20Ö. 
Nephflile,  81»,  123.  136. 
2sepliiitf,  l."!!»,  IW. 
Xfumlitf,  117,  V54, 
Niccolilf. -^43.  246. 
Nicki-I,  !ir>.'n;Hc.  :;43,  24S. 

j:l:inC(.-.  ri<ie  (jersdorfBle. 

gvmuitc,  IGO.  24;i. 

rclirt'.34a. 

vitriol.  L'4y. 
Xiekfiift-nms  gray  antimony,  247. 
Niobile.  21H. 
Xiirt'.  121.382. 
Nitnn-.iUiiL'.  J43. 
Noniioiiiif,  220.  233. 

i;:;:;r  \'^-'^- 

Nu>>i'Titi'.  251). 

Olwiili.in,  li-l. 
(.tciiR-,  21.V22'^. 
()('l:ili.'drili-.  i}-.'2.  324. 
tEIliu-h.-rit.-.  122. 
iKr-trou-  Mf    lU,   96. 
Okffju-  S^    4(1.   54. 
<  'li;:.Hl;H.i'.  ^\    i^ 

oiivMii-c.  2;m).  31». 
uliviiu'.  Ml.  l."i!t.  ItJC 
iiiu-.>>ini',  rJ2. 12Ü. 
Oni»tri*c.  :'.0;'..  305. 

t»i..i.  3(>2.  :itW. 


Oranrrite.  198. 
Oropion,  171. 
Orpiment.  344,  348. 
Onhite,  88,  200,  204. 
Orthoclasi',  >'j^  IJI,  136,  887. 
Osmmdgunu  315. 
OsreoHt*^.   HI 
Oiire-jljie,   71.  I7e_ 
Ourar'»Tiie.  »0,  145,  341 
Oialhe^riy«  HiiniboUltiae. 
Ozarkite,  riWnii^msoaiteL 
Oz<x;i'rite,  356.  357. 

Pachnolile,  127. 

Paciie,  21.x  • 

Palajjonite,  147,  1-54. 
Palladium.  315.  317. 
Palliidiiim  £."'td.318,  831. 
Purwtlin.y^«. 

Faragolite,  139. 
PaniltiiüiBjit*^.  108. 
IVrautltitp,  146,154. 
pHra«lilbiR\  130. 
Paratliorite,  219.  233. 

PlllLTt*!!"'    iV-t.   I'^fl. 

Pan.Mie,20ü,203. 
Partschiniic".  208,  213L 
Purizite,  32!*. 
Pa^^Miiu.  V-**^.  l:J2. 
PauliU-.  r/"  ilvpcrstben& 
P<;Lrlsi..ni'.  122.  120. 
Pt'CtMlitf,  ^s.  12it.  132. 
Pi'L'aiiit"-,  I'Hi.  174. 
Pfiicuiilf.  1 1;;.  l.jl. 
Pfiiniiiile.  I'^O.  106. 
Peiiilnihiiif.  24;J.  248. 
Pt-lilMliu-,  Itio. 
Pltcvüu..  2.V.I.  2H9,  399. 
Pericl;i?iir,  1.57.  HJ2. 
Pt-ricliiif.  12^. 
['■■'  i  .■;(   i."i;t    <■!.«'., 
Pi-mr-kitt'.  U.'>,  \'hi- 
PtTtliit-.-.  121. 
Petaliu-.  >ii.  132. 
Petnli-iMii,  ;i.M 
Pitlkoiif.  2i:. 
Pil/.il..3lir.  311. 
Pli:.C"liti'.  123. 
Ph2rni:iCi  h\':^\  144.  l.->2. 
Pli:inii:»i-.i-i.l.  lii.-.  ss  21S.  230. 
I'ljriiri.-iU-.  Mt.  IT-^ 
Pl.i.!i|.^i:.  .  1:::;.  ;2Ü- 
PhlM-.ii.if.  121 
Plra-iiM  iclir  it'-.  2iW.  271. 
Pli'.U-riu-,    Tt>,  176. 

piw'Doiiic-  au. 

Pli.»>j^n  ic.  2-".fi.  269. 
Pii..<piiMO'  rill',  -AnK  203. 
Plii'>j»;i<icii:»K-i!L',  2^y. 
Piu.>ii:it.>rii. ,  rwt  Apatite. 
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ito,  208. 
K/^tn2,  319,  331. 

I-,  171. 

e,  a'iO. 

incite,  158. 1«3. 

iilciiiie,  160. 

U;  IßO,  Ifiti. 

UTito,  liO,  134. 

li:irrna('olit(-,  144,  152. 

livll.  101,  I'iH. 

«in.'.  89,  160.  160. 

jnrile,  2U8.  213. 

.  12:t. 

II',  80,  244,  248. 

U:  i-»0,  '2-Jii. 

81»,  12y,  12Ö. 

■,  101,  106. 

«■,  210. 

Imniic.  216,  229. 

te,  140,  l.U 

csiU;.  l-lrt.  105. 

Lmile,  283. 

one,  r-»y. 

f,218.  2:iO. 

e,  2S4. 

nil.  ;{.■»((. 

lit.-.  2.')8.  200. 

I.  :J02. 

nil.  :H5,  :iio. 

ridiuin,  :il"i,  310. 

■rite.  2r)ll,20y. 

ste.  lOi. 

u-,  ITl.  170. 

ii-  ocliri',  ~'(iO. 

icnUile.  143,  löl. 

'-"•."'.»'"■•;- 89,  239,  270. 

islil).  ■,'.->y. 
t.'.  2117.  213. 
tc,  12!(. 
ilpliilc,  14Ö. 
AUi:,  122. 
silr.  ;tl)7,  313. 
itit;  isi,  1S7. 
lilt',  KH,  120,  148. 
srnitc,  W,  181,  190. 
liffirilc,  2Ö9. 
;in-p!iih,  128. 
TV,  123. 
:;ti2. 

lU;  161. 
I:*  op:il,  30:j. 
zitc,  143,  ir,l. 
U-,  14f»,  l,i4. 
tdi.i,  12S. 
»litr,  H;i,  106. 
itu,  1 12.  16S. 
If,  :t07,  312. 
mitlrirhiK*,  289,  300. 
pliilc,  101,  160. 
tripliile,  217,  329. 


Psilomclane,  207,  211. 
Pumice,  123. 
Purple  copper,  387. 
Puschkiiiite,  146, 154 
Pvtiiite,  171,  177- 
Pvmihiiiii-,  1ÜI,  100, 
Pynir^'illin-,  H,-*,  ViS,  12$. 
Pvrargyrilt,  307,  ;il2. 
Pj'rj?*iin,  iHde  Fm»suilt'. 
Pyrlle,  jiyrilcs,  äl5,  227. 
I^roÄiirita,  157. 
Pvnicliiurt,  Ö*,  J44. 15;J. 
PyroclirüiU?.  207,  'iVi. 
PyTV>t']rLiLie,  143,  l.'iO. 
Pj'ltiluaiti;,2ü7,  313. 
Pymmorplitte,  359,  270. 
Pynijie,  tf:§,  im,  £6«. 
Pyropliylliic,  S9,  171, 17G. 
Pyropliysiiliie.  171,  177. 
Pvroreiiii,  3.50. 
PvrutliJte,  88,  200,20.'». 
PVr<)sclerir«;,  lOO.  lOß. 
Pvro^raalLU;,  88.  320,  233. 
PyioslilimUe,  307,  ma. 
Pjrifxuiie^  \4ra,  154, 
Pyrrliite,  lft4, 
Pvrrliosjdorile,  2\li, 
Pyrrli->?ii.-,  314,  327. 

Quartz,  89,  302. 
'Qiii-fksilberbnindcra,  355,  857. 

RaiinniiditP,  217. 
Kiiniiin-LshrTLfitr',  243,  247. 
ItiijilHluc,  i'i9,  Jf!6. 
liüK.iuiiKiUskin.  171,176. 
lit:i3.L-ar  314,34»», 
Kediiii,   nioiiy.  337. 
Rt*(i  copjter.  H^i. 
Uv>\  Ipjul  (ire,  200. 
]<v<\  silver  ore  25&. 
It^-niiii^Umitr,  337. 
KiMissi-liierito,  159,  166. 
HelinaUlc,  121»,  133. 
Uctinellitv,  350. 
lictiiiito,  :töO,  358. 
KUodiuin-i-lil.aiS,  331. 
l{ln.UiziU\  144,1.52. 
KliuilocUri^m..',  160, 166. 
Klimi'jcbreeite.  208,  213. 
ItlitMlnn  le,  88,208. 
|{)pE(]iiJlie,    3     166. 
itiuingerite,  a07 
Itochleilcrite,  350. 
li"(k  crystjil,  303. 
]f'»ck  s;ili,  ruff  Halite. 
Itocmcrite,  210. 
Hoesslcritc,  158. 
Rtiineiie,  144,  1.53. 
Hosf  quiirtz,  362. 
Koselliin.  vüU  Kdsite. 
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Rnsile.  133,  136. 
Költiaite.  243. 
Htihv,  108. 
Rubv  silver,  307. 
Hutlierforciiie,  20a 
Uuiile.  89,  332,  824. 

fiivcihrinfp,  V2i*.  13a. 
SublJte,  Ho.  154. 
tial  ttiunictniac,  VSfi.  3831 
flnltpi-Sre.  ride  JJitre. 
BBinar>:kit^  181, 1SÜ. 
Sfiinoiie,    T(»,  l7<t. 
»aponite,  88. 161, 166. 
Sapphire,  168,  363. 
Happliiriue,  159, 166. 
S«rdonvx,3ö3. 
Sartorite,  258. 
äassi>litc,  US,  iiÜO,  S61. 
Bniissurilc,  ISa,  13^. 
Ifeaiiulike.  88,  UÜ,  iU. 
Bcbiipl.:icliiiis3ü8,314. 
Bcli^üliU'.  Sft.  144,  153. 

^Liill^r.^pAr,  ll]l.  166. 
Suhtunitc,  356. 
ßcliorlipinile,  147.  156. 

SchrÖtteiiU',  17Ü,  178. 
ßcbwrirrzcEiiütr^ite,  259,  269. 
Bfilereliiiitt,  356. 
Bcotedif.  14*;,  154 
SwJlopsitL-,    W, 
8eoro(iii(r,H8.'>l8,  230. 
Bttotiuliu-.  21{J. 

Sele.'ikvpfirrqu((kKilhtr,  287.  296. 
fkteiiquerktitfxrkupftrbfti,  266. 
HeknbUihipfer^  'iTil,  20."j. 
i^nkupferitlei,  3.17.  S^^'i. 

8cn!irini>niiiL-,  :]2H,  333. 
Sfrpiolil*',  11^1,  lOti. 
Ötrp"Diiije,M!(.  lOO,  166. 
l^(?j'lM.'riili-,  147,  154. 
Siderile,  217,  2W. 
SiikToiiicluiie,  133,  126. 
Widi  ri'iii- >Ui'.  I'iM.  IM. 
Si(kT.)scliis..|jr,^  89,  219.  233. 
SiliimaiiiK',  l(i"J. 
Silver,  ;iUG,  yil. 
Ö]lu'ri;l::Ln.'f'.  :.i07, 
Sisiiioiidiiii-.  171). 
MkiitteriKiiU'.  236,340. 
Slate.  124. 
tiloanilc,  ITl,  17fi. 
Smallite,  2M,  3-!0. 
Siiu'cliU",  171,  170. 
Siiiillisoiiite,  250,  2-54. 
Smoky  qimilz,  3Ö2. 
Sonpsione,  161.  166. 
Soda.  127. 


Soda  niirf,  127. 
8*idAlik'.  88.  Hft,  180,  188. 
B*jfdttVHliU'.88,  161.  16ÖW 
Spaduite,  161,  166. 
Spessuniti.'.  IK),  209,  SSil 
S I  >vn\  I  a  T 1  ru  n  i  1  o ,  228. 
Sphaerii«,  169. 
Sphak'ritP,  249,  353. 
Spbt'iie,  147. 
Spherulilc,  122. 
Spinel,  162.  167. 
Sp'HäiiiinTie,  HS,  133. 
Öifinfkife.  356. 
8tanftH,  375,  '211. 
StnnnJie.  25.1.  277. 
Slfli^sfurtUu.  LW.  165. 
Siauri.liU',  110.  169.  178. 
ESiraiitp.  Kit.  l.'>9.  100- 
SU>inlieiltte,  vide  lolita 
SteljimaTinite.  2,>7, 206. 
St4.'pli«ii  1e,  307  ;.il3. 
SkrAirite,  138, 
8ti'rnbt-rsiu%:»7  813. 
Slelplbldlile,  338. 
SlibicoiKLCe,  ^!^. 
Stibnid*,  337,  332. 
Stilhit.-,  147, 154. 
SliipntMiieliiDM,  2-.'0.  238. 
SiJIpiinKidmtf.  vi'ie  LimonittL 
Bi.ilitlie,  261,273. 
StratfPpeile,  209. 
9lriejD;isan.  1Ü9,  ITS. 
Sln.i:aniivin:-.  1*1,133, 
SlniiMH-\iTil'..  ;JÜ7,  313. 
Slioiitiänile,  DU,  141. 
^tnivitf.  136 
Sulotypito.  :f07. 
Slypliciic,  216. 
SiiciriuelliU',  356. 
Siicciiiiti'.  145.  154. 
^ulplmiitc.  Tiiit  Sulphuric  add. 
Siilplifir.  364.365. 
Siilpkijric  acid,  364. 
Sundvikiti-',    *29. 
SusuuDilt  ^"9,370. 
Öu«s(.'xiL',90t»,  2  3. 
HvmibLTgiff.',  127. 
.Sjeni!*',  124. 
Sye[iri!.rite,  236.  241. 
Svlvariiie.  318.321. 
SylviP-,  120,  124. 
Sj'mpi'.-:*it(;.  218,  231. 
6ji:iili(-lyile,  15S.  165. 

Tiiclivapliall'te.  194,  197. 
Tachyiirili',  1-12,  163. 
Taclivlitf,  122.  126. 
Tngihtc,  21)0,  800. 
Talc,  sy,  89,  159,  166. 
Tak'apalilc,  143. 
Talliiigite,  289,  299. 
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Taotalite,  90,  319,38a. 
Tspiolite.  219,  238. 
Tarnovicite,  151,  260. 
Tasmanite,  356. 
Tautoclin,  141 
Taviiitockite,  14S. 
Tecoretiu,  355. 
Telluric  bismuth,  278. 
Tellurium,  351^ 
Tengerile,  182. 
Tcnnaotite,  288,396. 
Tenorite,  289. 
Tepliroite,88,208,318. 
Teratolite,  171, 176. 
Tesclieniacherite,  136. 
Tetartiue,  vide  Albile. 
Tetradymite,  278,281. 
Tetrahedrite,  388,  397. 
Tlialite,  1Ö1,  166. 
Tharaodite,  143. 
Thenardite,  127,  883. 
Thermonaüite,  128, 382. 
ThermophvUUe,  160, 166. 
ThomseDolite,  137. 
Thomaonite,  129, 132. 
Thorite,  90.  198. 
Thraulite,  220. 
Thrombolile,  390,  300 
TUiüite,  146, 154. 
Thuringite,  219,  233. 
Tiemauuite,  302,  305. 
Tile  ore,  289. 
Tilkenxlite,  237.  341,  265. 
Tio,  27Ö. 

Tin  pvrites.  275,  377. 
Tin  sütoe,  375. 
Tinluil,  128. 
TiUaiie,  89, 147, 156. 
Tombazite,  242,  347. 
Topaz,  90,  171,  177. 
Torbernite,  384,  386. 
Tourmaline,  88,  89,  159. 
Touchstone,  363. 
Trachyte,  123. 
Traveraellite,  145. 154. 
Tremolite,  159, 166. 
Trichalcite,  390,  301. 
Triphylitcj,  88, 132,  213. 
Tripliie,  208,  313. 
Tri  polite,  363. 
Tritomite,  200,  204, 
Trollerite,  169. 
Trona,  128,  383. 
Tnmtite,  350, 255. 
Tscheffkbite,  301,  305. 
Töcbermigite,  136,  174. 
Tungsiite,  3;^3,  334. 
Turgite,  315,  238. 
Turquois,  89, 168, 174 
Tyrite,  181, 186. 
I^rolite,  290.  SOI. 


Ulexite,  128. 
Ullmanuite.  243,  347. 
Unghwarite.  320. 
Uraconite,  284,  286. 
Uraninite;  383,  385. 
Uranite,  384. 
Uranochalcite,  284,  386. 
Uran-kaUecarbonat,  384.  386. 
Uranophaue,  884.  286. 
UraiKJtantal,  tide  Samarekite. 
Uranvitriol,  284,  286. 
Urao,  128,  883. 
Urpetbite,  356. 

Valencianite,  121. 

Vulentinito,  338,  333. 

Vanadate  of  lime  and  coppur,  83& 

Vanadic  ochre,  339. 

Vanadiuiie,  260, 272. 

Vunadinkupferbieien,  360. 

Vanadit,  260,  273. 

Variacite,  169,  175. 

Vai-vacite,  307,  211. 

Vauquelinite,  260,371. 

Vermiculite.  160,  166. 

Vesuvianite,  88,  145,  154. 

Villarsite,  160, 166. 

Vivianite,  317,  229. 

Voglianite,  284,  286. 

Voglite,  284,  287. 

Vorborthite,  391,  303. 

Volgerite,  838. 

Völknerite,  162,  167. 

Voltaite,  130,  228. 

Vollzite,  349,  253. 

Wad,  207, 311. 
Wagnerite,  158, 163. 
Walcliowite,  356. 
Washingtonite,  318. 
Water,  353. 

Wavellite,  90, 169, 175. 
Webeterite,  vide  Aluminite. 
Wehriite,  378,  383. 
WeiugUtigeTz,  308,  313. 
Weissite,  123,  136. 
Wemerite,  146,  154. 
Whewellite,  144,  151. 
Whitneyile,  387.  295. 
Wichtisile,  128,  132. 
Willemite,  250,  255. 
Wilnainsite,  160.  166. 
Wilsonite,  122. 
WiamutÄkoöaUerz,  236,  340. 
WvmuthMlöeren,  308. 
Witlieiite.  88,  137,  139,  883. 
Wittichenite, )   „^q  «.„ 
Wittichite.     }  2.9,282. 
Witlirigite,  209. 
Wölilerite,  194. 
Wölchite,  288,  39a 
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Wolciiongkoite,  89, 340,  348. 
Wolframite,  88,  218,  231. 
WoIlastoDite,  89,  145,  380. 
Wörthite,  90, 170, 170. 
Wulfenite,  200,  273, 
Wurtzite,  249,  253. 

XuDthocnuile,  307,  312. 
Xanthopbyllite,  147,  154. 
Xauthosidcrite,  215,  228. 
Xenolite,  109. 
Xeootimc,  90, 181, 184. 
Xonaltite,  140. 154 
Xylite,  220,  233. 
Xylochlore,  122. 
Xyloretinite,  350. 
Xylolile,  161, 106. 

Yellow  lead  ore,  260. 
Tellow  ochre,  215. 
Yttrocerite,  90,  142, 148. 183. 


Yttrotantahte,  90, 181, 185. 
Yttrotitanite,  147, 150. 

Zaratite,  243,  348. 
Zeagonite,  123, 126. 
Zeuxite,  170, 176. 
Zietrisikite,  356. 
Zinc,  349. 

blende,  249. 

blotim,  349. 
ZiTufahUre,  383. 
Zinciie,  249.  253. 
Zlocosite,  250. 
Ziokenitc,  258,  366. 
Zippeite.  284,  286. 
Zircon.  90,  194,  190. 
Zoisite,  89.  146,  154. 
Zorgiie,  257,  265. 
Zandererz,  258,  267. 
Zwiebelite.  208, 2ia 
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Abelrich,  361,  S74. 
Abatrie/iölti,  261. 
Abzng,  261,  274. 
Amalgam,  copper,  303. 

gold.  803,  318,  434. 

lead,  303. 

silver,  303, 309,  421. 
AmaltpmatioQ  residues,  303. 
Arsenic,  metallic,  345. 
wliite,  345. 

Bears  from  copper  smelting,  291. 

iron  "        221,234. 

tin.  "        221. 

Bell  metal,  447,  474. 
Bleiofenbrueh,  222. 
Brass,  446. 
Bn)nze,  447, 474. 

Cadmia  from  iron  f\irnace8,  221. 

lead        "         232, 899. 
Cadmium,  256. 
Carcasses    from    liquation    processes, 

442. 
Copper,  black,  221,  234. 393. 

cement,  391. 

micaceous,  291. 

raw,  291,  417. 

refined,  291,  417. 

Dross  from  liquation  processes,  442. 

FHtetuauai,  221. 
Enamel,  471. 

Flue  dust,  399. 

Hikings,  203. 
Forge  scales,  222,  235. 
Furnace  crust,  328. 

Oichteruchwamm,  251. 
Oon  metal,  447,  474. 

Hammer  scales,  222,  235. 
Hearth,  cupelling,  361,  274. 
silver  refining,  899. 


Iron,  raw,  221,  234. 

KupfergUmmer,  291. 

Lead,  raw,  261. 

silver,  261,  403. 
skimmed,  261. 
Lead  fumes,  261. 
smoke,  275. 
Lethe,  231. 

Liquation  discs,  291,  442 
residues,  291. 
scales,  393. 
slags,  292. 
Liüiarge,  361,  374. 

Matt,  copper,  331,  334,  43d 
lead,  221, 334,  450. 
raw,  331. 

Mosaic  gold,  465. 

Ofenbruch,  453. 

Packfuog,  892.  495. 

Regulus,  486. 
Bohofenblume,  251. 
Eohofenbrueh,  221, 285. 
Jiohsefilaeken,  453. 
Hohsiun,  221,  234. 

Scaffolding,  221. 

Silver,  brightened,  808,  416. 

cement,  308,416. 

German,  392,  417. 

jeweller's,  416. 

rcfliKxl,  308,  416. 

retc.ri.309,  417. 
Blags,  copper,  495. 
lead,  263,  458. 

raw,  453. 

tin,  275,  378. 
Smalt,  490. 
Speculum  metal,  147. 
Speiss,  cobalt,  387,  480. 

lead,  337. 
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Speias,  uickel,  237, 480. 

refined,  337. 
Steel,  raw.  231,  234. 
SlaiiuchUteken,  472. 

Teat  Baus,  809. 
"no  deposits,  375. 

scrapa,  275, 278. 
Itanium,  pTBiiide,  822. 
nitride.  823. 


Tatenag,  495. 
Tatty,  SStU  4S8. 

Vitriol,  blae,  291. 
green,  228. 

Zinc  dust,  29«. 

raw,  250. 

ZiüinaicAi.  471. 
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■zruvATioii.— r  denotM  that  the  salMtance,  In  th«  plic«  rafemd  to,  U  4  rM^enL 

FA6S 

Absorption  spectra 520 

Acetate  of  lead,  r 56 

Acetic  acid,  r 53 

Alcohol,  r 56 

AUojs  as  examples  for  practice 392 

Alffp^ina,  bcbarior  of. , 99 

examiaatioa  for 172 

"             "   Insillcates 176 

minerals  coDtaining 168 

Aluminates  as  examples  for  practice '686 

Ammonia,  behavior  of 96 

carbonate  of,  r 54 

examination  for 136 

minerals  contaiDlng 136 

molybdate  of,  r 55 

Ammonia,  r 54 

Ammonium,  chloride  of,  r 55 

sulpliide  of,  r 55 

Analysis,  general  rules  for  qualitative 113 

Antimony,  behavior  of 99 

examination  for,  in  alloys 328 

"             ♦*  oxides 333 

"             *'  sulphides 332 

flame-test  for 77 

minerals  containing 327 

test  for,  in  open  tube , 64 

'•       on  coal 67 

Anenic»  acids  of 349 

bchaviorof lOo 

examiuation  for 845 

"            "    insulphides 348 

flame-test  for 76 

minerals  conudning 344 

quantitative  determination  of,  in  wet  way 514 

lest  for,  in  open  tube 64 

"       on  coal 66 
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PAM 

Arsenic,  r 00 

Arsenides  as  exumples  for  practice 890 

Assay!),  qiiiintiUilive , 897 

Atomic  wt'iglits ~_* 

Balanco,  blowpipe 38 

Barium,  siwctru.ii  of  salts  of   519 

Baryta,  bi'liavior  nf 96 

Chapman's  lest  for 140 

exauiiiiaiion  for 138 

"    in  silicates 139 

flamt'-U'st  fur 75 

mini-rais  iMiitaininjr 137 

quant itaiive  ik'ti-rniiuatiou  of,  in  wet  way 514 

spivtrum  ot" 519 

Beads,  color  of  bonix  81 

"      salt  of  pbospboms 84 

Benlla,  r»?*- gluoina 177 

Bismuih,  behavior  of 100 

eiamiuation  for 880 

"    inalloys 280 

"  "     "  oxiiles 282 

•'    "   sulpbiiles 283 

mincrils  conininin,:: 2T8 

quuniitativt.-  as«»y  of 457 

"  "      w hon  mt'tallic  auii  with  an-iiiic 4-58 

•'  **  ■*      as  sv.l:i:iiäe 461 

*•  »         ..      ..   o\ii.ii.- IT  cuK'r:t.;e 463 

falls  or 382 

tt-st  for,  oa  oo:il 67 

Blast 10 

Blüwpi^x» 4 

PAS 10 

Blowpipe  U:iip.  U  :v .  ii.ip' 8 

M  -i-s- 7 

r:;r;.kirs 7 

ll.u^.:-s 7 

B^^Ko  :;*li.  r. . . 24 

B,^r.ic:o  a^iJ..  cxr.:v;i:M:i.::  :or 361 

«r!u-:.>::>r  T5 

r.::  ,:=.:.-:  :-r. 361 

R-niv  :c  ÄI  i ;.  r 48 

Kt,ix,t 46 

Br;;;:-«...::vi:    T.  ■ 51 

l>:v::;i;;c.ix..:::l;\:i::  n  'Vr 374 

ll.;::,r.*.  ^;;:.o;:s  :ij':\ini::if  iVr  uicis;::;::-  ^.'.i  äsJ  si^rer 27 
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VMS 

Smiuu),  b«harfnroi ,.» 100 

cxauiiiiuUnu  for......... 23P 

mincmk  coiiuinms... ,,..  ftst 

t««t  for,  un  coal ..■-.•..••     67 

Cmiam,  sjMictnim  of  BJiliauf  «••.■>••■■•*■ < ««.«t* •«.  9iS 

Olclum,  "  •*  , SI» 

OarbuD  aud  Carbimic  iicid 355 

wxaiuiaaUuu  for .,,  357 

**  "in  mciallurgicul  products MO 

miiierala  oontaJniag 995 

Oeriuin,  behavior  ur 101 

exuiiiiimlioD  Tut dOl 

miiiorals  caiitniuitig. 199 

CtuLTCüal,  urtificial IJI 

cniMulea 16 

cnicibli>d , 18 

piirallelopiptKloiut 18 

»quiu-it  prüuis 17 

>  CAuucual,  imturul IS 

Cbluriuo,  exaininaUotL  for 873 

uiineralR  contaJDing 878 

quaiitiuittve  di^lerminaliun  of,  in  wot  way fii3 

Clili^riiinltou  assay,  Pltuuer'a 426 

CUfuuiium,  iM-liavinr  of 101 

exainiimtUm  for S41 

QlitliTulu  coolüiuiDg 340 

quaoliiativB  B»say  uf,  in  gubdUDCes  frue  fmni  lend 609 

"  "         «  "  coiiLiiniiig  "  60a 

**       detenninatioQ,  by  wet  wajr Bt4 

I  dsy  capsules flS 

crucibles 83 

linlngfor..   ..  2S 

cylioden  for  bokliiiR  cUarcoal  crucibles. 17 

^Oloeed  tube« 32 

cxnminutiun  En 60 

i  Coal-holdcr  for  eqiiaru  oibIs 40 

Uottla,  L-xaQiiuiiiion  of , 507 

dutunuinsiiuu  of  water  in S07 

"  "   cok«    "  507 

"  "  a^h      "  MW 

••  "  beating  power  of SOD 

'  GoftUogs  OD  charcoal 65 

I  Cobalt,  bcbnrior  of. 101 

examlualioD  for 9S8 

■*  in  arsenldts 240 

**  **  Bulpbidcs  and  selemdcH 841 

"  •*  oiidca 841 

mint.>rala  coatuiaiog 986 

niimteoH^r.... 48 
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Cobalt,  quantitative  aasay  of,  combined  wttb  arsenic 480 

"  "  *'  arsenic  and  sulphor 4H 

*•  **  as  oxide  with  acids  of  arsenic ^K) 

"  *         with  metallic  oxides 480 

"  **  when  chiefly  oxides  of  Cobalt  and  Nickel ....  481 

"  **  in  alloys,  or  with  sulphur  and  arsenic,  or  in 

presence  of  more  copper  than  nickel. ,   . .  ^ 

Cobalt  glass 134 

Cobalt  solution 4& 

examination  with 9S 

Coloration  of  flame 72 

Colors  of  beads 81 

Columbium,  mU  niobium 334 

Copper,  amount  of,  in  assay  for  silver 400 

behavior  of 103 

examination  for 202 

"  inalloys 283 

"  "  oxides 289 

"  salts 299 

"  "  sulphides 29G 

flame-test  for 75 

minerals  containing 287 

oxide  of,  r 63 

quantitative  assay  of.  in  ores  containing  sulphur 438 

«  "         »  oxidized  state 441 

•*  "        alloyed  witii  lead 443 

**  "  "  iron,  nickel,  etc 445 

"  "  "  antimony 447 

"  «  "  tin 447 

**  determination  of,  in  the  wet  way 514 

sulphate  of,  r 56 

Cnpel-holders 39 

Cupellation,  fine 407 

Cupellation  loss,  table  for - 413 

Cupels 89 

Cyanogen,  occurrence  of ,. 879 

examination  for S78 

Becomposabillty  of  minerals  by  hydrochloric  acid 119 

Didymium,  behavior  of 103 

exnminatioD  for. 201 

nitncrals  containing 199 

spectrum  of  salts  of 521 

Distilled  water,  r 54 

Erbia,  behavior  of 98 

examination  for 188 

niinertils  containing 180 

Erbium,  spectrum  of  salts  of 01 
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PASB 

XzunloBÜon  as  to  color  of  the  flame 7? 

in  the  closed  tube  ft3 

"       matrass 60 

"       open  tube 68 

**       platinum  forceps 70 

on  charcoal 65 

with  carbonate  of  soda 86 

"     cobalt  solution 93 

"     salt  of  phosphorus 83 

Sxamplea  of  B]rstcm.itic  analysis  for  practice,  including— 

Alloys , 893 

Aluminates S86 

Arsenides 301 

Haloid  salte 881 

Metallic  oxides 280 

Oxysalts 381 

Selenides 891 

Silicates 386 

Sulphides 390 

flame,  bine 15 

oxidizing 13 

reducing ■ 14 

7*18016-16818 73 

blaming 79 

Fluor  spar,  r 51 

Fluorine,  examination  for 877 

minerals  containing 377 

Fuel 8 

Fnsibili^,  figures  denoting US 

scale  of. 71 

testing  for 69 

FariODB  with  soda 118 

nitre  or  bisulphate  of  potassa 116 

Oalls,  infhsion  of,  r 56 

General  rules  for  qualitative  blowpipe  analysis  113 

Glass  tubes,  closed .' 31 

open 21 

Glacina  behavior  of 98 

examination  for 178 

minerals  containing 177 

Gold,  behavior  of 103 

examination  for 819 

minerals  containing 318 

Plattner's  chlorination  assay  for 426 

quantitative  assay  of 433 

"  "      in  alloys 428 

**  "in  ores  and  metallurgical  products 428 
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nam 

Gold,  r 50 

Gold  amalgam 4S4 

buttons,  measurement  of 80 

Gold  with  copper  and  silrer ft 431 

indium 433 

palladium 483 

platinum 431 

platinum  and  Bilver 433 

platinum,  silver,  and  copper 433 

rhodium 433 

silver 428 

Graphite,  r 52 

Haloid  salts  as  examples  for  practice 381 

Harkort's  scale  28 

Hydrochloric  acid,  r 53 

Hydrofluoric  acid,  examination  for 377 

Ind)i;o  solution  .  ...^ 125 

Indium,  behavior  of. 103 

spectnim  of  salts  of 530 

test  for,  on  coal.... 08 

Instruments,  forceps,  mortars,  etc. 38 

Iodide  of  mercury  paper  as  test  for  soda-flame , 131 

Iodine,  examination  for 375 

minerals  containing 375 

Iridium,  behavior  of, 103 

examination  for , 81fl 

minerals  containing 315 

separation  of,  from  gold 433 

Iron,  behavior  of 103 

examination  for 233 

"  in  alloys 222 

"  "  metallurgical  products 234 

"  "  oxidized  compounds 228 

"  "  silicates 233 

"  "  sulphides  and  arsenides 228 

minerals  containing 214 

proto-sulphate  of,  r 65 

quantitative  assay  of 498 

"       determination  of,  iu  the  wet  way 614 

Iron,  r 60 

Iron  ores,  quantitative  determination  of  alumina  in 600 

lime        "  601 

"  *'  magnesia  in 601 

"  "  protoxide  of  manganese  lit 601 

silicain 500 

Kleritj'a  apparatus  for  measuring  silver  buttons 83 
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PAOt 

Lamp H 

wick    8 

LanÜianaiQ,  bchnrior  of    1 0 1 

examinatioa  for 201 

mineniLq  containing 1U9 

Lead,  acetate  of,  r G(J 

behaTiorof 104 

examination  for 202 

in  alloys 2m 

"  "  metallurgical  products 27:1 

••  "  oxides 2(19 

«  "  selenides 2(i5 

"  •*  sulphides 2(10 

flame-test  for 77 

minerals  contiining 257 

pure,  r 4Ü 

qnantitfttire  assay  of. 419 

"  "        as  chloride  or  oxide 4Ö0 

"  "         "  sulphide 400 

"  "  in  alloys 40^ 

test  for,  on  coal «7 

Lead  measare. 42 

Lime,  behavior  of ii7 

examinntion  for 14y 

"  in  silicates 154 

flame-teat  for 74 

mineriila  containing 142 

quantitative  determination  of,  in  the  wet  way 014 

spectrum  of 519 

Uthia,  behavior  of 9tJ 

Bunsen's  test  for,  with  indigo  solution 184 

examination  for 1  :!.1 

"  in  silicates l:iö 

flame-test  for 74 

minerals  containing 132 

Poole's  test  for l;l"» 

quantitative  determination  of,  in  wet  way TtU 

Turner's  test  for,  with  fluorite i;1ü 

Lithium,  spectrum  of  salts  of ÖI8 

Litmus  paper,  r TiO 

Magnesia,  behavior  of 97 

examination  for. 102 

'*  in  silicates Ifift 

minerals  containing    157 

Hanganese,  behavior  of  . . .  1(.'5 

examination  for 209 

*'  in  metailurirical  products 21 4 

minerals  containing 206 
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Manganese,  quantitative  determination  of,  in  the  wet  waj S14 

Matrasses 81 

Mntraasps,  examinations  in 60 

Measurement  of  gold  and  silver  buttons 29 

Mercury,  beliavior  of 105 

cliloride  of,  r 6Ö 

examination  for 803 

"  in  amalgams 805 

**  with  chlorine 304 

"    iodine 804 

*•  "    selenium    805 

*•  "    sulphur 305 

iodide  of,  on  paper  as  test  for  soda-flame 131 

minerals  containing 802 

quantitative  assuy  of 609 

test  for,  in  open  tube 05 

Metallic  oxides,  as  examples  for  practice 389 

Minerals,  behavior  of,  with  soda 88 

Minerals  for  practice .  880 

Molybdenum,  behavior  of. 105 

examination  for 837 

minerals  containing - 836 

test  for,  on  coal 68 

Molybdic  acid,  flame-test  for TO 

Nickel,  behavior  of 106 

examination  for 244 

inalloys 244 

"  "  arsenides 246 

"  oxidtf» 248 

"  sulphides 247 

"  *'  metallurgical  products 240 

minerals  containing 242 

oxalate  of,  r 52 

quantitiitive  assay  of 470 

Niobium,  behavior  of 107 

examination  for 325 

nimcmls  containiog 824 

Nitrates 354 

Nitre,  r 48 

Nitric  acid,  r 53 

Nitric  acid,  occurrence  of 354 

examination  for 354 

Open  tubes 21 

examinations  in 63 

Oxalic  acid,  r 53 

Oxidizing  flame 13 

purity  of 14 
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Oxldizlog  flame»  strength  of. 14 

Oxygen,  test  for  free  60 

Oi^valtB  S8  examples  forpracUce 88L 

lUIadinm,  behavior  of. 108 

examiuation  for 817 

minerals  containing 315 

Palladium  with  gold 438 

Parting 428 

Platinum,  beharior  of 108 

bichloride  of,  r 54 

ezaminatiou  for S16 

minerals  containing Sl/i 

Platintmi  dish 21 

foU 30 

spoons 2ft 

vires  and  holder 19 

with  gold 431 

"       and  silver 432 

'*        silver  and  copper 433 

Plattner's  flux 454 

scale 28 

Phosphorus  and  phosphoric  acid 869 

examination  fur , 869 

flame-test  for 76 

minerals  containing 869 

quantitative  determination  of 513 

salt  of,  r 47 

Potassa,  antimooate  of,  r 51 

behavior  of. 96 

biHulphnte  of,  r 48 

carbonate  of,  r 54 

caustic,  r 63 

examination  for 124 

"  in  silicates 126 

minerals  containing 120 

flame-test  for 73 

neutral  sulphate  of,  r * 54 

nitrateof.r 48 

quantitative  determination  of,  in  wet  way 614 

spectrum  of, 617 

test  for,  with  cobalt  glass 125 

"  "    oxide  of  nickel 124 

"  "    indigo  solution 125 

Potassium,  cyanide  of,  r 46 

ferrocyanide  of,  r 65 

spectrum  of  salts  of 517 

Qualitative  analysis 67 
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PAoa 

Quantitative  assays 895 

preparation  of  substances  for 897 

Quantitatire  chemical  analysis  combined  with  blowpipe  assay 511 

Quartz,  r 61 

Reagents 45 

Reducing  ffame 14 

purity  of 14 

strength  of. 15 

Reduction  of  oxides  with  oxalate  of  potassa  and  cyanide  of  potasdum Bl 

"    soda 90 

Rhodium , 315 

with  gold 483 

Rnbidium,  spectrum  of  salts  of 518 

Salt,r 51 

Scorification 405 

Selenium,  examination  for 868 

flame-test  for 76 

minerals  containing 868 

test  for,  in  open  tube 64 

"    on  coal  66 

Silica,  r i 51 

Silicates  as  examples  for  practice 886 

Silicic  acid,  behavior  of 99 

examination  for 863 

minerals  containing 362 

Silver,  behavior  of 108 

examination  for 309 

,  "         '     in  alloys 309 

"  sulphides 311 

minerals  eontainin,^ 806 

quantitative  assay  of. 398 

inalloys  416 

"  "       with  non-metallic  bodies 399 

test  fur,  on  coal 68 

Silver,  r 51 

Soda,  behavior  of 96 

examination  for 131 

mincrah  containing    127 

qiiantiintivc  detei'miiiation  of,  in  the  wet  way 614 

Soda,  r 45 

Soda  paper 3& 

cylinders 43 

Sodium,  spectrum  of 518 

Spirit  knip 10 

Starch»  r 53 

Strontia,  behavior  of .    97 

examination  for ...  141 
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nun 

Strontia>  flame-test  for .^ 74 

minerals  containing <■. 1^ 

qnautitaÖTe  determination  of,  in  wet  way S14 

Strontimn,  spectrum  of 618 

Bn))Umate8 69 

Solplio-arsenides 349 

Bnlplinr  and  sulplinric  acid 364 

examination  for,  in  sulphides 365 

"  "  Bulpliates 866 

"  "  sulphites 866 

test  for,  in  open  tube 68 

Balpbaric  acid,  r 08 

Supporte,  direct 15 

indirect 38 

Tftble  showing  colors  of  borax  beads 81 

**  "       salt  of  phosphorus  beads 84 

"       behavior  of  minerals  with  soda 88 

Tables,  general,  showing  behavior  of  the  alkalies,  earths,  and  metallic 

oxides  aiooe  and  with  reagents  9S 

Tantalum,  behavior  of. 109 

examinadon  for 82B 

minerals  containing 824 

Tartaric  acid,  r 64 

Tellnrinm,  behavior  of 109 

examination  for 351 

minerals  containing 351 

test  for,  in  open  tube 65 

"       on  coal 66 

Tennrons  acid,  flame-test  for 75 

Test  leader 40 

measure  for 43 

'lest  papers,  r 60 

nullium,  flame-test  for 76 

spectrum  of. 620 

test  for,  on  cosl 67 

Thoria,  behavior  of. og 

examinaUon  for 199 

minerals  containing 198 

lln,  behavior  of 109 

examination  for 276 

"  in  alloys 276 

••  "  metallurgical  products 377 

**  "  oxides 277 

"  "  sulphides 377 

minerals  contüniag 375 

quantitative  assay  of. 466 

*  "as  sulphide  or  oxide  with  sulphur  and  arsenic  . . .  465 

*  «        u  oxide  free  from  sulphur  and  arsenic 471 
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FABI 

Tin,  quantitative  assay  of,  as  oxide,  with  silicate  of  iron  and  earths 473 

"               "     •      inalloys    474 

test  for,  on  coal 68 

Tin,  r 49 

Titanium,  behaTior  of ^ 110 

examination  for ^8 

"              hi  metallurgical  products 824 

minerals  containing S2S 

Touchstone,  r fiS 

Tubes,  closed -. 28 

open 81 

Tungsten^  behsTior  of. 1 10 

examination  for ....  884 

insalts  885 

"slags...  836 

•  minerals  containing 888 

» 

Uranium,  behaTior  of. Ill 

examination  for S85 

minerals  containing 888 

Vaaadinm,  beharior  of Ill 

examination  for •.  888 

minerals  containing ^ 888 

Water,  examination  for 858 

Weights 27 

Tttria,  bebarior  of 08 

examination  for 183 

minerala  containing 180 

Hnc,  behavior  of, Ill 

examination  for 261 

"            in  oxides 258 

"  sulphides 253 

minerals  containing   840 

test  for,  on  coal 68 

Eirconia,  behavior  of 08 

examination  for 104 

minerals  containing 103 
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TABLE   OF  ATOMIC   WEIGHTS. 
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ATOXIC 

a 

ATOXIC 

mAMaaarvamKLEMMxm. 

I 

•• 

TKIOUT«. 

RAUS  or  TUB  BLixxun. 

s 

n 

WXISHT». 

* 

0=100  H  =r  I 

] 

O=100iH  =  l 

Aloiainium,     - 

AT 

171.0    13.6 

Molybdennm,  - 

Mo 

575.0!  46.0 

Antimony,  - 

Sb 

1504.0120.3 

Nickel, 

Ni 

362.5]  29.0 

Arsenic,  •       •       • 

As 

937.6    75.0 

Niobium. 

Nb 

510.0    48.8 

Bariam, 

Ba 

857.2'  68.6 

Nitrogen,     . 

N 

175.0'   14.0 

Bismuth, 

Bi 

2600.0  208.0 

Osmium. 

<>s 

125Ü.0  100.0 

Boron, 

B 

137.S|  11.0 

Oxyffcn, 

0 

100.0      8.0 

Bromiae, 

Br 

lOOO.O'  .50.0 

Palladium, 

Pd 

662.5 

53.0 

Cadmium,  • 

Cd 

700.0,  56.Ü 

Phosphorus, 

P 

387.5 

31.0 

C«siam, ... 

Ca 

1641.9  123.3 

Platinum, 

Pt 

1232.0 

98.9 

Calcium, 

Ca 

250.0;  20.0 

Potassium,  - 

K 

487.5'   39.0 

Carbon,  ... 

C 

75.o!     6.0 

Rhodium, 

Rh 

651.9    52.2 

Cerinm, 

Ce 

573.0.  46.0 

Rubidium,   - 

Rb 

1067.5    85.4 

Chlorine, 

01 

443.2J  35.4 

Ruthenium,     - 

Ru 

651. 9j  52.2 

Chromiam,  • 

Cr 

329.0,  26.3 

Selenium,     - 

Sc 

493.4I  39.5 

Cobalt.    - 

Co 

373.0   30.0 

Siticiuni, 

Si 

175.0,    14.0 

Copper, 

Cu 

396.6    31.7 

Silver, - 

Ag 

1350.0  108.0 

Did^miam, 

Erbmm, 

Di 

604.5 

48.3 

Sodium,  ... 

Na 

287.5 

23.0 

E 

56.3 

Strontium,  . 

Sr 

546.8 

43.7 

Fluorine,          -     .    - 

F 

237.5'   19.0 

Sulphur, - 

S 

200.0 

16.0 

Glacinam,  - 

Be 

87.5!     7.0 

Tantalum.   - 

Ta 

860.0 

68.8 

Gold,       . 

Au 

2458.7  196.7 

Tellurium, 

Te 

806.21  64.5 

Hydrogen,   • 

H 

12.5i     1.0 

Thallium.     - 

Tl 

2550.0  204.0 

Indium,  ... 

In 

463.4    37.0 

Thorium, 

Th 

743.8 

59.5 

Iodine, 

I 

1587.5  127.0 

Tin.     -        .       . 

Sn 

735.3 

58.8 

Iridium,  ... 

Ir 

1237.5]  99.0 

Titanium. 

Ti 

30 1. 5 

24.1 

Iron,    -        .       - 

Pe 

350.0   28.0 

Tungsten,   - 

W 

1150.0 

92.0 

Lanthan  am,    • 

La 

580.0   46.4 

Uranium, 

U 

750.0 

60.0 

Lead.  .       -       . 

Pb 

1294.5  103.5 

Vanadium,  - 

V 

856.8 

68.5 

Lithium, .        .        - 

Li 

87.5      7.0 

Tttrium,  - 

Y 

437.5 

35.0 

Magnesium,. 

Mff 

150.0 

12.0 

Zinc,   ... 

Zn 

406.6 

32.5 

MangancM,     - 

Mn 

337.5 

27.0 

Zirconium, 

Zr 

558.5 

44.7 

Mercury,     . 

Hg 

1250.0  100.0  1 
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Analysis^  Stoichinm^'try,  Blowpipe  Analyses,  Mineralopy,  Assaying, 
Pharmaceutical  Prcparati^nis,  Human  Secretions,  Speoiflc  Gravities, 
Weiilits  and  Measure-S  etc.,  etc.,  etc.  By  IIeürt  A.  Mott,  Jr.,  E.  M,, 
Ph.D. 

Beilstein's  Chemionl  Analysis«. 

12mo.    Cloth.    75c. 

An  Introditction  to  Qualitative  Cheuical  Analysis.    By  F.  Beil- 
btein.     Third  edition,  translated  by  I.  J.  Osbun. 


Caldwell  &  Breneman's  Chfinical  Practice. 

fivo.     Clolh.     188  pa^eB.     Illustrated.     New  and  Enlarged  edition.     $1.60. 
Mantai,  of  Introductory  Chemical  Pkactice.  for  the  use  of  Students 
in  CollL'gfs  und  Normal  ami  High  Sclmola.    By  Prof.   Geo.  C.  Cald- 
TV'KLL  iind  A.  A.  Drenehan,  of  Cornell  Univeraity.     Second  edition, 
revised  and  corrected 
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Joynson  on  Madiine  G-earing. 

8vo.'    Cloth.    $2.00. 
The   MrcHANic's   and  8tuDKXT's  Guide  in  the  desigoiug  and  Cod* 

structionof  General  Machine  Gearing,  as  Eccentrics,  Screws,  Toothed 
Wheels,  etc.,  und  the  Drawing  of  ßectiliueal  uud  Curved  Surlacet. 
Edited  by  Fhancis  II.  Joynson.     With  la  folded  plates. 


Miaxwell's  Matter  und  Älotion. 

16j3o.     Boards.    216  pages.    50c. 
Matter  and  'Motion.    By  Prof.  J.  Clahk  Maxwell. 


Bai'nes'  Submarino  Warlare. 

Svo.    Clutli.     £5.00. 
SUBUABINE    WaUFAUE,    DEFENSIVE    AND     OFFENSIVE.       DeScriptiODS 

of  the  various  forms  of  Torpedoes,  iSubmariue  Batteries  and  Torpedo 
Itoats  actually,  used  in  War.  Methods  of  Ignition  by  Macldoery, 
Coutacl  Fuzee,  and  Electricity,  and  a  full  account  of  experiments 
made  Id  detonuine  the  Explosive  Foi  ce  of  Gunj>owder  under  Water. 
Also  a  discussion  of  the  Offensive  Torpedo  s}-8tein,  its  eAeot  upon 
Iron-clad  Ship  systems,  and  influence  uj>on  futui'e  Naval  Wu«.  ^ 
Lieut.-Coiu.  JouN  S.  Barnes,  U.S.N.  With  twen^  lithogrspbie 
plates  and  many  wood-cuts. 

Foster's  Submarine  Blastinj^. 

4to.    Cloth.    S3.50. 
Submarine  Ulasting,  in  Boston  Harbor,  Massachusetts — Removal  of 
Tower   and   Corwin   Rocks.     By   Joiis  G.  Foster,  U.  S.    Eng.  and 
Bvt  M;ijor-(ieneral  U-  S.  Army.     Witli  seven  plates. 


I*lyiiiptoii's  Aiioi'oid  IJai'ometer. 

16.IIO.      B  ■ar.js.  illusitratftl,  iV'o.      Mortcco.  $1.00. 
The  Axekou»  Baromktkr:    Its   Coust ruction  and    Use,   cumpUed  from 
several  sources. 


^Villialu^5<>n  on  the  Harometer. 

4to.  Clotli.  815.00. 
On  the  U!*k  of  the  Bacometer  on  .Scrvets  and  Recoxnais 
»ANCK!*.  Piirt  I. — Mi't.'orol-\:;y  in  its  Coinwction  with  I Ivpsometry. 
Pari  n. — BuroMU'tric  Ilypiioinotrv.  By  R.  S.  Williamson,  Bvt 
Lt.-Col.  U.  S.  A.,  Major  Corps  of  Enpneors.  With  itluatrative  tablet 
and  en,::r.iTing9. 


iVgU^ 
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Wanklyn's  Milk  Analysis.-. 
12mo.    Cloth.    Sl.00. 

Milk  Analysis.  A  Practical  Treatise  oq  the  Kxamination  of  Milk, 
and  its  Derivatives,  Cream,  Butter,  aud  Cheese.  By  J.  Aubsd 
Wanklyn,M.R.C.S. 


Rice  &  Johnson's  Differential  Functions. 

Paper,    12mo.    BGcenta. 

Os  A  New  Method  or  Obtaining  the  Differentials  ov  Func- 
tions, with  especial  reference  to  the  Newtonian  Conception  of  Rates 
or  Yelocitiea.  By  J.  Minot  Rice,  Prof,  of  Mathematics,  U.  S-  Navy, 
and  W.  WooLSET  Johnson,  Prot  of  Mathematics,  St.  John'tf 
College,  Annapolis. 


Coffin's  Navigation. 

Fifth  Edition.    12mo.    Qoth.    S3.0a 


Katioation  and  Nautical  Astronomy.  Prepared  for  the  use  of 
the  U.  S.  Naval  Academy.  By  J.  H.  C.  Coffin,  Professor  of 
Astronomy,  Navigation  and  Surveying ;  with  52  wood-cut  iUustra- 
tious. 


Clark's  Theoretical  Navigation, 
870.    Doth.    S3.0a 

Theoretical  Navigation  and  Nautical  Astronobty.  By  Liwts 
Clark,  Lieut. -Commander,  U.  S.  Navy.  Illustrated  with  41  wood- 
cuts, including  the  Vernier. 


Toner's    Dictionary   of  Elevations. 

8T0.    Fbpat,S3.00    Cloth.  $3,75. 

Dictionary  of  Elevations  and  Climatic  Rkoistkb  of  the 
United  States.  Containing,  in  addition  to  Elevations,  the  Latitude, 
Mean  Annual  Temperature,  and  the  total  Annual  Rain  Fail  of  many 
Localities  ;  with  a  brief  introduction  on  the  Orographic  aud  Physical 
Peculiarities  of  North  America.     By  J.  M.  Toner,  M.D. 
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Loring'?!  Magnetic  Telegraph, 

ISmo.    niustnted.    Paper  bbards,  COe.    Cloth,  7&o.    Horooeo,  $1.00; 

A  Hand-Book  of  the  Electro  Maonbtic  Telegkapb.    By  A.  E.  Lo» 
IKG,  .a  practical  Telegrapher. 


Davis  &  Ilae*s  Electrical  Diagrams. 

Oblong  8vo.    Cloth  extra.    $3.00. 

Handbook  OF  Electrical  Diagrams  aitd  Connectiokb.  By  Chables 
H.  Davis  and  Frank  B.  Rae.  Illustrated  with  3S  full  page  lUustm- 
tions.     Second  edition, 


Pope'ö  Modem  Practice  of  the*  ElectaHo 
Telegraph.. 

Ninth  EditioD.    8vo.    Cloth.    S^.Ofl. 

A  IIahd>book  for  Electricians  and  Operators.    By  Fraivk  L.  Popt 
Ninth  Edition.     Revised  and  enlarged,  and  fully  illustrated. 


Sabine's  Historj'  oi"  the  Telegraph. 

Second  Edition.     12ii)o.     Cloth.    Si. 25. 

History  and  Progress  of  the  Electric  Telegraph,  with  Deacrip- 
tions  of  some  of  the  Apparatus.     By  Robert  Sabine,  C.  E. 


Haskins'  Oalvano meter. 

IGmn.     Illustrated.     Morocco.     $1 .50. 

Tde  Galvanqmeter  and  its  Uses  ;— A  Manual   for  Electricians  and 
Students.     By  C.  H.  Haskins. 


Lai'rabee*ö  Seci-et  Letter  and  Telegraph 

I8mo.    Cloth.    $1.00. 
CiPUKR  AND  Secret  IjETTER  and  Telegraphlc  Code,  with  Hogg's  Im- 
provements.   By  Ü.  S.  Larrabek. 


